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1. INTRODUCTION 


The most impressive aspect of the source material 
for the study of medieval oriental astronomy is its 
overwhelming quantity. Thousands of Byzantine 
Greek, Sanscrit, Hebrew, Arabic, Persian, and Turkish 
astronomical and astrological manuscripts exist, many 
in uncatalogued collections, and most of them un- 
touched by modern schoijarship. In the case of the 
Arabic material a good deal of work has been done by 
Europeans, and the broad outlines of the subject have 
been well delineated. But anyone wishing to assist in 
building up a precise and detailed picture of Islamic 
astronomy is constrained to choose his material from 
amid a welter of easily available manuscripts. 

Of these manuscript masses it is possible to isolate 
a fairly well-defined group of works, the zijes, which 
in the opinion of the author, make up the most sig- 
nificant and historically rewarding subclass of the 
whole. A 2ij consists essentially of the numerical 
tables and accompanying explanation sufficient to 
enable the practising astronomer, or astrologer, to 
solve all the standard problems of his profession, i.e. 
to measure time and to compute planetary and stellar 
positions, appearance, and eclipses. These hand 
books sometimes, but not always, contain explanations 
and proofs of the theory and reports of the observa- 
tions on the basis of which the tables were computed. 
But in all cases the tables themselves, as the end 
results of theory and observation, can be used to 


reconstruct the underlying geometric models as well 
as the mathematical devices utilized to give nu- 
merical expression to the models. 

This paper is a survey of the number, distribution, 
contents, and relations between zijes written in Arabic 
or Persian during the period from the eighth through 
the fifteenth centuries of the Christian era. Section 2 
below discusses the etymology of the word and its 
introduction into various languages. Section 3 is a 
list of all such zijes extant or known to have been 
extant. Section 4 introduces a general classification 
of the subjects standard to these handbooks, together 
with such definitions and notations as will be found 
useful in the sequel. Each of the next twelve sections 
is a detailed abstract of a particular zij, chosen for its 
importance or availability. The concluding sections, 
17 and 18, point out developmental trends in these 
documents and indicate lines which future study may 
take. For ready reference an index of authors and zij 
titles follows the bibliography. 


2. ETYMOLOGY 


It is well established that the word 27j (Arabic 
plurals azydj, zijat, and ziyaja), like a number of other 
technical terms, came over into Arabic from Persian. 
The stock explanation! is that the Persian cognate 
originally meant a thread or cord, in particular a 
bowstring, whence a chord in the geometric sense. In 
modern Arabic a mason’s line is called a 277. By ex- 
tension the word came to stand for the set of parallel 
threads making up the warp of a fabric. Thence, 
from the resemblance between the closely drawn ver- 
tical lines of a numerical table and the warp set up in 
a loom the meaning was further extended to include 
the former. And by a final extension the word came 
to denote whole sets of astronomical tables, which is 
the meaning we use. Presumably this evolution had 
already taken place in Sasanian times, for there is a 
Pahlavi (Middle Persian) reference? to the 2ik-z 
shatroayadr (= 2ij-t shahriyar, cf. §3, 30 below). In 
Islamic times, however, the word was sometimes still 
used to denote individual tables, as with X200 and 
X201 in §3 below. 

In the Persian and Arabic dictionaries two Persian 
words are given as the source of 277. Some have zig, 


1 See, for example, Nallino, Batt., vol. 1, p. xxxi; Khwar., p. 32; 
A dictionary of the technical terms used in the sciences of the 
Musalmans, Part II, Calcutta, 1862, p. 610; Murtada al-Huseini 
al-Hanafi az-Zubeidi, ‘‘Taj al-‘ariis,”” Part II, Cairo, 1306 (a.H.) 
p. 55. Complete titles of references made in italics may be found 
by consultation of the bibliography at the end of the paper. 

2 West, E. W., Pahlavi texts translated, vol. IV (Sacred Books 
of the East, vol. 37), Epistles of ManuStihar, II, ii, 9-11; Introd., 
p. xl vii. 
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from which the transition to 277 is natural. Others 
say, as does Biriini in the Masudic Canon (Treatise 
I11, Chapter 1, cf. Schoy, Mas‘idi, p. 1), that it is from 
zith, which indeed means cord in the modern language. 
Perhaps it would be more correct to say that zig is 
the Middle Persian form of a word from which New 
Persian 2ih developed. 

For present purposes our basic criterion of a zij 
shall be that the document in question contain a more 
or less complete set of tables of the topics listed in §4, 
regardless of whether demonstrations of the underlying 
theory are or are not included. This crosses the 
classification of Muslim astronomical works made in 
Nallino (p. 119), but it conforms to medieval usage. 
In some cases our choice may have been inconsistent. 
Thus we include the “‘Almagest”’ of Abi Nasr Mansir 
(§3, 77) under the assumption that it probably con- 
tained independent tables, but we exclude Nasir ad- 
Din at-Tiisi’s redaction of the Almagest on the ground 
that his independent Zij-i IIkhani (§3, 6) is extant. 

The Greek word xavwy,* in meaning very close to 27j, 
has likewise been Arabicized, as ganan, and the two 
words are sometimes used interchangeably. Thus the 
Handy Tables of Theon are known either as Zij 
Tha’tin (§3,X205) or simply as al-Qadniin. In the 
same manner al-Biriini called his zij al-Qdnin al- 
Mas'‘iidi (§3, 59). 

From Arabic or Persian the word 277 entered 
Byzantine Greek as ¢9{. 4 and medieval Latin as zich, 
or ezich ® from az-zij the form with the definite article. 


3. A GENERAL LIST 


Since no date can be assigned to many of the works 
listed below, they are ordered and numbered arbi- 
trarily. The bold-face serial numbers thus assigned 
are retained for identification throughout the re- 
mainder of the paper. Where approximate dates can 
be given they are noted, and in the case of extant 
works the location of one or more manuscript copies 
is given. No attempt has been made to cite all the 
available manuscript copies, especially in the case of 
the later, popular zijes, where the number of extant 
copies is occasionally large. 

It is assumed that the original language is Arabic 
unless stated to the contrary. 

While the general picture of Islamic astronomy 
which emerges from this study is accurate, it is in- 
evitable that many errors in detail should eventually 
turn up in it. The situation as to authorship and 
dating is, in the case of many zijes, extremely compli- 
cated. The same zij may be known by several differ- 


ent names, or documents thought to be independent ' 


may turn out tobe the same. Sources frequently give 
conflicting information. In cases where copies of the 


3 Cf. Liddell and Scott, A Greek-English lexicon (New Edition), 
Oxford, 1940; vol. I, p. 875. 

* CCAG, vol. I, p. 3; vol. 5, p. 145; Nallino, Batt., vol. 1, p. xxxi. 

5 Khwar., pp. 1, 32; Wiistenfeld, p. 21. 
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works can still be found, many of these anomalies will 
eventually be resolvable by examination of the actual 
manuscripts; in many other instances the inconsis- 
tencies will remain. The list follows: 


1. Az-Zij al-Mushtamil of Ahmad bin Muhammad 
an-Nihawandi, c. 790, who carried out observations at 
Jundishapir, a scientific center in southwestern Iran 
from Sasanian times, non-extant. Ibn Yiinis (14) 
states that he knew of no observations of the solar 
mean motion in the interval between those of Ptolemy 
and the Mumtahan (51) save the observations of 
an-Nihawandi. 

(Suter, p. 10; Caussin, pp. 154-157.) 


2. Az-Zij ‘ala Sini al-‘Arab (The Zij (computed) 
According to the Arab (i.e. Hijra) Years), by Ibrahim 
bin Habib ..., abi Ishaq al-Fazdri, c. 750, of 
Baghdad, non-extant, was based on the Sindhind, 28 
below. 

There are numerous references to this work in the 
writings of Biraini. In two places (Risa@’il, I, pp. 133, 
156) he speaks of it as al-Fazari’s Sindhind Zij, once 
as as-Sindhind al-Kabir. In the India (p. 208) he 
refers to the zij of al-Fazari and Ya‘qib ibn Tariq 
(71) as though it were a single work. Perhaps this 
zij is to be identified with 28 and 71 below. 

See also 45 below. 

A set of al-Fazari’s planetary parameters are tabu- 
lated in §17. 


(Nallino, pp. 48 and 213-215; Suter, p. 1; Fihrist, p. 381.) 


3. Az-Zij al-Wagibiya (?) is an apochryphal title of 
the zij of Jamal ad-Din abi al-Qasim bin Mahfiz, 
al-Munajjim al-Baghdddi, c. 920 (?), extant as Paris 
2486. According to HKh, the author chose what 
seemed to him the best elements of a number of zijes 
and incorporated them into his own. 


(HKh, vol. III, p. 559; Suter, p. 197.) 


4. The Zij-i Ashrafi (in Persian) is three times cited 
by Tagizddeh (pp. 162, 300, and 366) as having been 
written c. 1310 by Muhammad bin abi ‘Abdallah 
Sanjar al-Kamali, Seif-i Munajjim of Yazd (?) in 
central Iran. In Blochet, E., ‘‘Catalogue de la col- 
lection des Mss. orientaux . . . formée par M. Charles 
Schefer . . .,”” Bibl. Nat., Paris, 1900, p. 114, the 
manuscript given by Taqizadeh as Supplement Persan 
1488 is called Tarikh-i (i.e. History of) Ashrafi. It is 
described as a treatise on astronomy, however, and is 
doubtless a zij. 


5. Az-Zij al-Amad ‘ala al-Abad, one of three zijes 
by Abi al-‘Abbas Ahmad bin Yisuf, ibn al-Kamad, 
c. 1130, of Spain, the elements having been deduced 
from the Toledan Observations by az-Zarqali. The 
work is non-extant as such, but see 24, 48, 66, and 
72 below. 


(HKh, vol. I11, pp. 568-569; Suter, p. 196; Nachtr., p. 185; 
GAL, Suppl. vol. I, p. 864.) 
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6. The Zij-i I/khani (in Persian) (abstracted in §13 
below) by the famous Nasir ad-Din at-Tiasi, c. 1270, 
in collaboration with a group of scientists gathered at 
the observatory at Maragha in northwestern Iran 
under the patronage of the IIkhan Hilagi, grandson 
of Genghis Khan. Other zijes mentioned in this work 
are 14, 51, 55, and 70. Numerous copies, commen- 
taries, and an Arabic translation of this work are 
extant, that used for the abstract being Bodl. Pers. 
1513 (Hunt 143). ‘Part of this zij, from the commen- 
tary of Mahmid Shah Khulji, was published in Latin 
by John Greaves (Latin, Gravius) as ‘‘Astronomica 
quaedam ex traditione Shah Cholgii Persae,’’ and as 
“Binae Tabulae Geographicae, una Nassir Eddini 
Persae, altera Ulug Beigi Tatari,’’ both in Lon- 
don, 1652. 

For a description of the instruments used at 
Maragha, see Seemann. 


(GAL, vol. I, p. 511, Suppl. vol. I, p. 931; Suter, p. 149.) 


7. Az-Zij al-Baligh of Kiushyar bin Labban al-Jili 
(i.e. of Gilan, a region of northern Iran), c. 1010. 
Tagizddeh states (p. 226) that this work is distinct 
from 9 below, which see. In 35 below Shams al- 
Munajjim indicates the same thing. 


(Krause, p. 519.) 


8. Az-Zij al-Badi' is one of five zijes (see 67, 78, 79, 
and 90 below) non-extant, produced by the Bani 
Amajir (or Mdajir) c. 910, working in Baghdad and 
Shiraz, the father, Abi al-Qasim, his son Abi al- 
Hasan ‘Ali, and the freedman of the latter, by name 
Muflih. Their observations are cited by Ibn Yinis 
in 14 below (Caussin, p. 152 and on numerous other 
pages). They compared their observations with re- 
sults obtained by computation from one of the zijes 
(the ‘‘Arabic’”’ one) of Habash (16). ‘Ali was known 
personally to Ibn al-Adami (18), who thought highly 
of him. ‘Ali reports that he made numerous observa- 
tions of the maximum lunar latitude, that he found it 
in general to exceed the standard Ptolemaic value of 
five degrees, but he obtained different maxima for 
different observations. This speaks well for the pre- 
cision of his observational technique. 


(Suter, p.49; GAL, Suppl. vol. I, p. 397; Fihrist, p. 390, Transl., 
p. 35; Delambre, p. 139.) 


9. Az-Zij al-Jami' (abstracted in §10 below) ( = Az- 
Zij al-Jamt' wal-Baligh) of Kuishydar ibn Labban al-Jili, 
c. 1010, is extant in Berlin and Leiden. The copy 
here abstracted is Lezden Ms. 1054 (Cod. 523(1) 
Warn.). <A table of contents of the Berlin copy, Ms. 
5751, is given in the catalogue, and comparison of this 
with the Leiden manuscript suggests a reason for the 
disagreement between the sources as to whether 
Kiishyar composed two zijes or only one. 

Both manuscripts are organized in four treatises, 
these being (1) directions, (2) tables, (3) explanations, 
and (4) proofs. The last two treatises are lacking in 
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the Berlin copy. Of the portions which are present 
in both manuscripts, the number of chapters is about 
the same and the titles almost identical, but the order 
of presentation is widely different in the two versions, 
The table titles likewise are pretty much the same, 
but the sine table of the Leiden version, for example, 
is much more extensive than that of the Berlin 
manuscript. 

It is possible that the two different names denote 
rearrangements such as those noted above of a single 
basic document. Birdni (e.g. Risa’il, I1, pp. 42, 52, 
and 62) refers in numerous places to Kishyar’s 
Jami‘ Zij. Since for other works he usually names 
the author but not the zij, this may be to indicate that 
he means that particular zij of Kishyar and not 
another one. 

As remarked in 44 below, the elements of this work 
have been taken from al-Battani (55), and it is im- 
probable that new observational data have been 
incorporated into it. 

At the end of the Berlin version are a number of 
isolated tables attributed to various individuals, 
among them Habash (15), al-Battani (55), Ibn al- 
A‘lam (70), Yahya (51), and (Abia Ma'‘shar) al- 
Balkhi (63). 

(Suter, p. 83; HKh, vol. III, p. 570; GAL, vol. I, p. 222, Suppl. 
vol. I, p. 397; Krause, p. 519.) 


10. The 277-1 Jami‘-1 Sa‘idi, written in Persian, was 
the work of an individual who was contemporary with 
Jamshid (20) and Ulugh Beg (12). Tabataba’i (writ- 
ing in the Iranian periodical Amazesh va Parvaresh, 
1319 [Hijri Shamsi], No. 3, p. 4) quotes a passage 
from the introduction to these tables which indicates 
that among astronomers generally there was dissatis- 
faction with the Ilkhani Zij (6) because of errors made 
in reducing the observational data. 


11. Az-Zij al-Jadid (abstracted in §14 below) of 
‘Ala’ ad-Din ibn ash-Shatir, c. 1350, sometime mu- 
waggit of the Umayyad Mosque of Damascus. The 
work was apparently popular, several abridged forms 
of it having been prepared, and it remains extant in 


_ numerous copies. The one used for the abstract is 


Bodl. II, 2, Ms. 278 (Seld. A. inf. 30), and in this copy 
at least, the tables have been computed on the basis 
of observations taken in Damascus, not in Cairo, as 
reported in some sources. 


(GAL, vol. II, p. 126, Suppl. vol. II, p. 157; HKh, vol. III, p. 
557; Suter, p. 168.) 


12. The Zij-2 Jadid-i Sultani = Zij-i1 Ulugh Beg 
= Zij-t Gurgdni = az-Zij al-Kurkadni = Zij-t Mirza 
Ulugh Bik = Zij-i Sa‘id-i Jadid-i Gargdani (in Persian, 
abstracted in §16 below) of the prince of Samarqand, 
Ulugh Beg, c. 1440, grandson of Tamerlane. This zij, 
like a number of others (e.g. 6, 8, and 51) is the product 
of the joint efforts of a group of astronomers. It may 
well have been the most widely used of all zijes and 
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is still extant in hundreds of copies. For our abstract 
Bodl. I, 1, Ms. LXX (Pocock. 226) has been used. 
Arabic and Turkish versions of this zij were made, 
and several later works were based on its tables. The 
first part was translated and published by L. Sédillot 
as ‘“‘Prolégoménes des tables astr. d’Oloug-Beg, .. .,”’ 
Paris, 1847 (Sédillot in the bibliography). The star 
table of this zij has been published by Knobel. There 
is an earlier and very rare edition of the star table by 
Thomas Hyde, ‘‘Tabulae longitudinis et latitudinis 
stellarum fixarum ex observatione Ulugh Beghi . . .,”’ 
Oxford, 1665. Also rare is John Greaves, ‘‘Epochae 
celebriores, . . . ex traditione Ulug Beigi,’’ London, 
1650. See also 6. 

A recent publication of great interest is Kary- 
Niyazov, which contains a description of the excava- 
tions made at the site of Ulugh Beg’s observatory, 
under the auspices of the Academy of Sciences of the 
Uzbek S. S. R. 

(GAL, vol. II, p. 212, Suppl. vol. II, p. 298.) 


13. Az-Zij al-Jadid ar-Ridwdani, revised by Qutb 
ad-Din Mahmid bin Mas'‘id bin Muslih ash-Shirazi, 
c. 1290, the revision being extant as Berlin Fol. 3902, 
although it is not listed in the catalogue. 

(GAL, Suppl. vol. II, p. 297.) 


14. Az-Zij al-Kabir al-Hdakimi of ‘Ali ibn . 
Ahmad ibn Yanis of Cairo, c. 990, is a famous work 
which is extant only in fragments. The one at 
Leiden, Ms. 1057 (Cod. Or. 143), has a table of con- 
tents for the entire work which lists a total of eighty- 
one chapters. Of these the first twenty are found in 
the Leiden manuscript. Paris Ms. 2495 is a copy of 
the Leiden fragment. ilowever, Bodl. IJ, 2, Ms. 298 
(Hunt 331) picks up where the Leiden copy leaves off, 
beginning with Chapter 21 and continuing through 44. 
Except for minor variants the chapter titles are those 
given in the Leiden table of contents. The chapters 
are badly out of order, presumably owing to the folios 
having been bound in disorder. The two fragments 
are written in different hands, so they cannot be parts 
of the same manuscript. Thus something over half 
the total number of chapters is available. Since these 
parts alone comprise some 240-odd folios it is evident 
that the zij was well named a/l-Kabir, the great. 

Additional isolated chapters are to be found in 
Paris Ms. 2496, and Escorial I, 919, 5. 

Portions of this work have been published and 
translated. The introduction, with the table of con- 
tents and Chapters 4, 5, and 6 are to be found in 
Caussin. The parts of the zij relative to sundial 
theory have been studied by Karl Schoy and the 
results published as ‘SGnomonik der Araber,” of Die 
Geschichte der Zeitmessung und der Uhren, Band I, 
Lieferung F, Berlin, 1923. The same author has 
translated and commented upon Chapter 10 (in Schoy, 
Trig.), dealing with the computation of the sine table. 
A part of Chapter 11 is translated in Schoy, Geogr. 
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Schoy translated additional chapters, publishing them 
in the 1920, 1921, and 1922 volumes of ‘‘Annalen der 
Hydrographie und maritimen Meteorologie.”’ The 
latter have not been seen by the present author. 

The entirety of the Leiden fragment plus eighteen 
additional chapters was translated by J. J. Sédillot 
early in the nineteenth century. This translation was 
never published and eventually disappeared. The 
effort was not wholly wasted, however, for pp. 76-156 
of Delambre are given over to a penetrating analysis of 
Ibn Yianis’ work prepared with the aid of Sédillot’s 
manuscript. In the judgment of Delambre, Ibn 
Yinis was inferior to al-Battani as an observer, but 
superior to him in computational technique. 

The usual topics are covered in this zij, and in a 
manner not radically different from corresponding 
sections of other tables. What is of almost unique 
interest is the author’s wide knowledge of the work 
of his predecessors, his acute critical faculty, and an 
attitude toward observational errors and computa- 
tional precision which is modern in tone and which 
would be completely foreign, say, to Greek astronomy. 
Of particular utility to the historian of science is his 
opening apologia in which he builds up a case for the 
presentation of his own zij. He gives evidence of 
having had at hand zijes 1, 8, 15, 18, 28, 46, 51, 63, 
70, 91, and 92 when he composed his own. From 
many of these works he quotes passages, reproduces 
a large number of planetary mean motions and 
other parameters, and reports the results of many 
observations. 


(Suter, p. 77; Delambre, pp. 76-156; GAL, vol. I, p. 224, Suppl. 
vol. I, p. 401.) 


15. The Berlin Habash Zij (abstracted in §7 below) 
is the work of an individual of great interest, Ahmad 
bin ‘Abdallah, Habash al-Hasib (the Computer) al- 
Marwazi (i.e. of Marv), c. 850, about whose person 
and accomplishments the fog of history has closed 
thickly. Nor is it much dispelled by examination of 
this manuscript, Berlin 5750, and the other extant zij 
written by him, 16 below. 

He was one of the astronomers contemporary with 
the Abbasid Caliph al-Ma’min, but he does not seem 
to have been one of the small group of four or five who 
collaborated in the actual Mumtahan (51) observa- 
tions. Ibn Yinis (14) reports observations of his 
made in Baghdad in 829 and in 864. In another place 
Ibn Yinis, who gives the impression of being a severe 
but balanced critic, says that Habash’s remarks con- 
cerning the latitudes of Venus and Mercury sound 
like those of one who does not understand what he is 
saying. To Habash, Ibn al-Qifti ascribes three zijes: 


1. A re-working of the Sindhind (28 below) but 
including the ‘‘trepidation”’ of the fixed stars. 

2. The Mumtahan Zij (51), the best known of his 
works and based on his own observations. 


3. The Small (39), or Shah Zij (30?). 
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The Fihrist, however, credits him with only two, 
the Damascus Zij, and the Ma’minic Zij, while Ibn 
Yiinis in many places refers to determinations arrived 
at by use of the Arabic Zij of Habash. As both 
Caussin and Tagizddeh indicate, this need not imply 
that he composed works in languages other than 
Arabic. It may only distinguish this zij (the “‘Arabic”’ 
one) from others based on Hindu or Persian methods. 
Or better, the usage may be owing to the tables 
having been based on the Arabic (i.e., Hijra) calendar 
rather than on the Yazdigird or Seleucid eras. And 
in fact both 15 and 16 display the planetary mean 
motions tabulated according to the Hijra calendar. 

In aniother place, discussing various determinations 
of the obliquity of the ecliptic, Ibn Yiinis speaks of 
Habash’s Mumtahan zij, which, he says is called 
al-Qaniin (The Canon). 

Habash is frequently mentioned in the writings of 
Birtini (59), but never with an indication that he 
wrote more than one zij. In the Risd@’il (II, p. 81), 
for instance, he gives an example and proof of Habash’s 
method of computing planetary equations. In the 
Chron. (p. 177) he recommends his tables of lunar 
visibility. 

The Berlin manuscript opens with the phrase: 
“(Thus) spake Ahmad bin ‘Abdallah, known as 
Habash al-Hasib, the author of this zij.’’ But the 
rest of the introduction involves only lofty generalities 
and makes no statement concerning Habash and his 
contemporaries, in strong contrast to the introduction 
to 16. Subsequently, in the body of the zij, mention 
is made of an-Nairizi (46 and 75) who lived after the 
time of Habash. And the epoch for mean motions is 
511 A.H., whereas Habash was surely dead by 300 A.H. 
So this manuscript is at best a late rescension of the 
work of Habash. 

These reservations as to authorship having been 
accepted, the manuscript remains of great interest 
because of its numerous individual tables of an un- 
orthodox character. 


(Suter, p. 12; Nallino, p. 275; Tagiszddeh, p. 212; Fihrist, p. 384, 
transl., p. 29; Caussin, pp. 58, 70, 159, 160, 172, etc.) 


16. The Istanbul Labash Zij (abstracted in §8 
below) is (Istanbul) Yeni Jami Ms. 784, 2°. For 
references and information about the author see 15 
above. 

The introduction to this work is clearly written by 
Habash himself. After the standard pious injunction 
he commences with the customary opening gambit of 
the zij-writer—his friends have prevailed upon him to 
do it. He reviews al-Ma’miin’s sponsorship of astro- 
nomical research, stating that he ordered an examina- 
tion of the available literature and mentioning the 
Sindhind (28), the Arkand (X214) and the Shah Zij 
(30). Superior to all of these was the Almagest, he 
says. Habash states that after the death of Yahya 
(51) the latter was succeeded by Khalid bin ‘Abd al- 
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Malik al-Marwazi (i.e., al-Marvariidi, 97) as head 
of the caliph’s commission. Khalid continued at 
Damascus the observations begun at Baghdad. 

Habash makes no mention of other zijes written by 
himself. The material leans heavily on Ptolemy; at 
the same time there are many sections which are 
distinctly non-Ptolemaic. The whole manuscript 
merits extensive study, especially the part devoted to 
eclipse theory. 


(Krause, p. 446.) 


17. Mukhtasar az-Zij (¥ 85 ¥ 105), a compendium 
of zijes using the methods of the Sindhind (28), by 
Ahmad bin ‘Abdallah ... abi al-Qasim, ibn as- 
Saffar, c. 1100, of Cordova. This may be extant in 
Arabic written in Hebrew characters as Paris, Bibl. 
Nat. (Mss. Orientaux, Cat. des Mss. Hebreux et 
Samaritans . . ., 1866, p. 203) Ms. 1102. 


(Suter, p. 86; Suter Nachtr., p. 169; Steinschneider, ZD MG, 
vol. 47, p. 363; GAL, Suppl. vol. I, p. 401.) 


18. Az-Zijal-Kabir = Nagmal-‘Iqd are tables based 
on the method of the Sindhind (28) begun by Muham- 
mad bin al-Husein bin Hamid, 2bn al-Adami of Bagh- 
dad and completed c. 920 after his death by his 
student al-Qasim bin Muhammad al-Mada’ini. Non- 
extant. This work was available to Ibn Yinis (14). 

There is some confusion about the author's name, 
it being given also as Aba ‘Ali al-Husein ibn Muham- 
mad al-Adami. 


(Suter, p. 44; Nallino, pp. 203, 210; Caussin, p. 128.) 


19. The zij of Ahmad bin Da’iid, aba Hanifa 
ad-Dinawari is non-extant. In one place HKh states 
that Abi Hanifa’s observations were carried out at 
Isfahan in the year 849. This squares with the 
commonly given date of his death as 895. But it is 
irreconcilable with /7Kh’s additional statement that 
Abi Hanifa’s patron was the Buyid Sultan Rukn 
ad-Daula, c. 950. 

(HKh, vol. III, pp. 470, 558; GAL, vol. I, p. 123, Suppl. vol. I, 
p. 187; Suter, p. 31.) 


20. The Zij-i Khagqani fi Takmil az-Zij al-Ilkhani 
(in Persian, abstracted in §15 below) of Jamshid 
Ghiath ad-Din al-Kdshi (or al-Kashani) c. 1420, the 
first director of Ulugh Beg’s observatory at Samarqand. 
The zij is dedicated to Ulugh Beg. Jamshid died in 
1429, before the completion of 12. In his introduction 
the author pays his respects to Nasir ad-Din, the au- 
thor of 6, but expresses dissatisfaction with much of 
this zij. His own object is to correct the mistakes of 6. 
It is extant in two copies, Jndia Office 430 (Ethé 2232), 
and Aya Sofya (Istanbul) 2692. The copy in Meshed 
(vol. III, p. 33, Ms. Math. 102, General No. 5329) is 
a fragment only, consisting of fifteen folios. The 
statement in the India Office catalogue (p. 1220) to 
the effect that this zij is the first edition of 12 is 
incorrect. Preparatory to an eventual critical edition, 
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the present author has made an English translation 
of this work. 

Each of the six treatises of the Khaqani Zij is 
organized in three parts: (1) an extensive technical 
glossary of terms used in the treatise, (2) explanation 
of operations, and (3) proofs of the foregoing opera- 
tions. The technical glossary alone makes the work 
highly valuable. 

(HKh, vol. III, p. 563; Suter, p. 173; GAL, vol. II, p. 211, 
Suppl. vol. II, p. 295; Krause, p. 510; Knobel, p. 92.) 


21. The zij of Muhammad Ibn Misa al-Khwdarizmi, 
c. 840 (abstracted in §6 below), is one of the only two 
zijes out of the entire lot which has been published. 
In the original Arabic the work is not extant, but 
Adelard of Bath’s Latin translation of the revision of 
Maslama al-Majriti (fl. 1000) has been published by 
Bjérnbo and Suter (Khwar. in the bibliography). 
The unique interest which attaches to this publica- 
tion is due to the fact that much of the material in 
it is non-Ptolemaic. An estimate of the origin of 
Khy arizmi’s methods is made in §17 below. 

Biriini (in Risa’il, 1, pp. 128, 168) notes the existence 
of a book by al-Farghani, a younger contemporary of 
Khwarizmi, criticizing the latter’s zij, and Birini 
himself demonstrates (in Risa@’z/, I, p. 131) an error in 
Khwarizmi’s planetary equation theory. It is curious 
to note that in spite of the simultaneous existence of 
tables based on more refined theories, this zij was used 
in Spain three centuries after it had been written, and 
thence translated into Latin. 

Biriini also states that a work was composed by Abi 
al-Fadl ibn Masha’allah comprising the zijes of 
Khwarizmi and Habash (15) in shortened form. 

Cf. 106 below. 


(Ibn al-Qifti, p. 326; Suter, p. 10; GAL, vol. I, p. 215, Suppl. 
vol. I, p. 381.) 


22. Az-Zij al-Malikshahi of ‘Umar Khayyam, c. 
1090, of Nishapir in northeastern Iran, non-extant, 
apparently dedicated to the Seljuk Sultan Malikshah. 


(HKh, vol. III, p. 570; Tagizddeh, p. 174.) 


23. Az-Zij az-Zahir = az-Zij az-Zamir (?) of Farid 
ad-Din abi al-Hasan ‘Ali bin ‘Abd al-Karim ash- 
Shirwani (or ash-Sharwani), known as al-Fahhdd c. 
1150, is one of six zijes (53, 58, 62, 64, and 84), all 
non-extant, attributed to this individual. That a 
number of this magnitude of essentially different hand- 
books should have been produced by a single as- 
tronomer is improbable, but the list of zij names is 
given by three sources, HKh (vol. III, p. 567), 
al-Farisi (54, Lee, p. 255), and Shams al-Munajjim 
(35, Krause, p. 519). In no two of the three lists are 
all the names identical, but all variants can be recon- 
ciled as alternative readings (or misreadings) of the 
Arabic characters, as with the zij of this article. 

By Shams al-Munajjim the author’s name is given 


as ‘Ali bin ‘Abd [al-Karim ?] a/-Baéka’i. But this 
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also is reconcilable with the above, for both Shirevan 
and Baki are in northern Azarbaijan. This may fix 
the place of the author's origin, but it has no necessary 
bearing on where or for whom he worked, and the 
sources say nothing as to this. 

Most of what is known about al-Fahhad comes via 
al-Farisi, and the article on the latter’s zij (54) may 
be consulted in this connection. 

Al-Fahhdad was highly critical of the findings of most 
of his predecessors. His own observations carried out 
over a period of thirty years, bore out the planetary 
positions when computed according to the elements of 
Ibn al-A‘lam (70). Exceptions were Venus, for which 
he observed a (deferent) apogee differing from that of 
the sun, and Mercury, for which he regards the 
Ptolemaic observations and theory as the best. 

His observations corroborated the results of Yahya 
ibn abi Mansir (51), al-Marwaridi (97), al-Jawhari 
(99), and Habash (15) in so far as the mean motions 
of the sun and moon are concerned. 


(Suter, p. 318; Tagizddeh, p. 366.) 


24. A zij was prepared by Ibrahim bin Yahya 
an-Naqqash, 2bn az-Zargdli (or rather az-Zargdlla as 
Millés Vallicrosa 2, p. 15 ff. has shown) al-Qurtubi, 
known in Christendom as A zarchiel, of Toledo, c. 1100. 
These tables are not extant in Arabic. There are, 
however, many manuscripts of a Latin work entitled 
Canones Azarchelis in Tabulas Toletanas .. . dis- 
cussed in Steinschneider, Etudes. The name itself is 
confusing, for in an astronomical context canon and 
tabula mean the same thing. Curtze (p. 348) gives 
another form of the title: Canones Arzachelis sive 
regule super tabulas astronomie. HKh (vol, III, p. 
569) speaks of Toledan Observations (Al-Arsdd at- 
Tulaituliya), the results of which were worked over by 
az-Zarqali. There seems to have been a group of 
Arab and Jewish scientists under the leadership of one 
Qadi Sa‘id (Suter, p. 106) who made astronomical 
observations in Toledo, c. 1060. It is probable that 
the Toledan group produced a zij which was revised 
by az-Zarqali. 

Delambre (pp. 175-179) gives an abstract of the 
Latin translation, from which it is deducible that the 
tables contain an undigested mixture of Hindu and 
Ptolemaic methods. On the one hand it has a set of 
tables, of Hindu origin, for computing oblique ascen- 
sions in terms of right ascensions (cf. §6, C below). 
This includes, incidentally, a table of sines computed 
on the basis of a fundamental circle of radius 150. 
On the other hand, it gives tables of oblique ascensions 
as such, as does the Almagest. The set of maximum 
planetary equations quoted by Delambre is the set 
used also by al-Battani (55). Knobel (Chron., p. 10), 
by use of an argument involving the constant of pre- 
cession, satisfied himself that the epoch of the star 
table in the Latin translation is contemporary with 
az-Zarqali. 














—__— 
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Recent work on the subject is to be found in 
Chapter II of the extremely valuable monograph 
Millds Vallicrosa 2 listed in the bibliography. The 
author notes in numerous instances the close corre- 
spondence between al-Khwarazmi’s zij (21) and the 
Toledan tables. The table of sines reproduced on page 
44 from the latter is identical with that appearing on 
page 142 of the Sengupta translation of Brahmagupta’s 
Khandakhadyaka (see X218). The Toledan tables 
contain tables for computing the “trepidation of the 
equinoxes.”’ 

See also X213 below. 

(Suter, pp. 106, 109; GAL, vol. I, p. 473, Suppl. vol. I, p. 862.) 


25. Az-Zij as-Sultdni (in Persian) apparently not 
12, attributed either to Qutb ad-Din Mahmid bin 
Mas‘iid bin Muslih ash-Shirdzi (of 13 above) or 
Muhammad ‘Ali bin Mubarakshah Shams ad-Din 
Mirak al-Bukhdri, c. 1300, extant in Tehran II, 184. 
This work may possibly be the same as 32. 


(GAL, Suppl. vol. II, p. 297.) 


26. The zij of Abi al-Qasim Asbagh ibn Muhammad 
ibn as-Samh, of Granada, c. 1010, non-extant, is re- 
ported to have been based on the methods of the Sind- 
hind (28). Examination of the Libros del Saber .. . 
(edited by Rico y Sinobas, Madrid, 1863-1867), vol. 
III, p. 241-271, fails to substantiate Suter’s conjecture 
that this treatise is from the Ibn as-Samh zij. 


(Suter, p. 85; Nachtr., p. 168.) 


27. Az-Zij as-Sanjari = Az-Zij al-Mu‘tabar as- 
Sanjart as-Sultani = Jami‘ at-Tawarikh li’s-Sanjari 
(abstracted in §12 below) by Abi Mansir abi al-Fath 
‘Abd ar-Rahm§an al-Khdzini, c. 1120, a Greek freedman 
of a judge of Marv in Turkestan. The copy ab- 
stracted is Vatican cod. Arab. 761. Another copy 
is listed in Brit. Mus. List as Or. 6669. Extracts 
from this magnificent work are in the library of the 
Sipahsalar Mosque of Tehran, in the manuscript 
numbered 681. A compendium of it is in Istanbul as 
Hamidiye Ms. 859. The work is dedicated to the 
Seljuk Sultan Sanjar ibn Malikshah. 


(GAL, Suppl. vol. I, p. 902; Nallino, p. 227; Nallino, Batt., 
vol. I, p. Ixvii; Vat. V., p. 72; Krause, p. 487.) 


28. Az-Zij as-Sindhind is an Arabic translation, c. 
770, of one of the Sanskrit Siddhantas, probably the 
Brahmasiddhanta of Brahmagupta (Birdini, Risa’il 
III, p. 27) made at the Baghdad court of the caliph 
al-Mansir. This zij exerted a deep influence on 
Islamic astronomy, especially in Spain, even after the 
Almagest came to be known and its superiority appre- 
ciated. Bearing witness to this statement are zijes 2, 
17, 18, 21, 26, 31, 39, 45, 46, 71, and 90, computed by 
the methods of the Sindhind or strongly affected by 
them. Except for 21, none of these are extant, and 
the recovery of any of them might do much to clarify 
the vexed but fascinating problem of transmission and 
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interaction of Babylonian, Hellenistic, Indian, and 
Sasanian astronomy. 

In the Risa@’il (e.g. I, pp. 24, 28) Birani refers 
several times to the Sindhind, in one place saying it 
is evident that the material in it was not obtained by 
actual observation. 


(Nallino, pp. 48, 203, and 225; Suter, p. 4; Steinschneider, 
ZDMG, vol. 24, p. 353.) 


29. Az-Zij ash-Shamil is an anonymous work extant 
in three copies (Paris Ms. Arabe 2528; Brit. Mus. II, 
2, Ms. 395, 3 (Add. 7492. Rich.) and Florence, Pal. 
289[95]) concerning the authorship of which all 
manner of complicated conjectures have been made. 
In his introduction the author of the zij states that he 
has adopted the mean motions worked out by Abi 
al-Wafa’ al-Biizjani (73) and his collaborators. These 
mean motions, he says, had been falsely represented 
by the author of az-Zij al-‘Ala’i (42 or 84) as the results 
of his own observations. But, having found the same 
mean motions in a work of Abi al-Wafa’, the author 
of the Shamil zij utilizes them there, having himself 
first checked them by observations of conjunctions. 
Cf. 56 below. 

The first chapter discusses the Maliki calendar, 
whence it is clear that the work is later than, say, 1100. 
Concerning the institution of this era the author makes 
only the vague statement that it was begun by one of 
the eastern kings. It would be strange indeed to find 
an astronomer in Iran, or in any part of the Near East, 
for that matter, writing on chronology and not fully 
aware that it was Malikshah of the Seljuk dynasty 
who inaugurated this calendar. Perhaps this zij was 
written in Spain or North Africa. 

The functions tabulated are the standard ones for 
most zijes and a cursory examination fails to show any 
novelties of theory or presentation. 

A microfilm of a Utrecht manuscript marked Cod. 
Or. Rheno-traject 23 has been supplied to the present 
writer by Dr. P. Voorhoeve of the University of 
Leiden. This isa fragmentary copy of a zij, the folios 
of which have been bound in great disorder. The 
front and back of the book are both missing. Al- 
though this work is not identical with the Shamil zij 
the basic parameters for the planetary mean motions 
in the two works are identical. Since we now know 
that 42, 56, 81, and 84 all used Abia al-Wafa’s mean 
motion parameters, the Utrecht fragment may be from 
any one of these. Since it likewise mentions the 
Maliki calendar, it cannot be part of the work of Abi 
al-Wafa’ himself. 

Cf. 56 below. 


(Suter, p. 227; Nachtr., pp. 166-7; GAL, Suppl. vol. I, p. 400.) 


30. The Zij ash-Shah = Zij ash-Shahriyar = Zi%j 
Shahriyaran ash-Shéh, non-extant, was a set of tables 
translated into Arabic c. 790 (perhaps by one Abi 
al-Hasan ‘Ali bin Ziad at-Tamimi) from a Pahlavi 
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original called Zik-i Shatro-aydr. The date of compo- 
sition of the latter is moot, Nallino arguing for c. 640, 
while Taqizadeh points to a statement in 59 that the 
century-earlier Sasanian king Khosro Anishirvan con- 
voked an assemblage of astronomers for the purpose 
of correcting the (hence already existent) Zij ash- 
Shahriyar. Nallino’s attempt to show that its con- 
tents were essentially Hindu is also disputed by 
Taqizadeh. 

The influence of this Pahlavi zij greatly resembled 
that of the Sindhind (28), being very strong before 
the introduction of the Almagest into the Islamic 
world, and persisting for centuries thereafter, through 
the time of az-Zarqdli in Spain, for example. 

The writings of Birini contain many illuminating 
references to this work. For instance, he reproduces 
(in the Risa@’il, II, p. 222) a passage from a zij whose 
author was unknown to him in which a computation 
purports to determine the terrestrial distance between 
Babylon, the location for which the Shah Zij was 
computed, and al/-Qubba (The Cupola, i.e., Ujain) the 
base location of the Sindhind (28). The computation 
itself is of little value, for in it Babylon is alleged to be 
in the fourth climate. And this, as Biriini takes 
evident pleasure in pointing out, is like transporting 
Baghdad to Nishapir. Nevertheless the location of 
Babylon is not inherently improbable, for the Sasanian 
capital at Ktesiphon is in fact near Babylon. 

In the same work (2isa@’i/, II, p. 148) he reports a 
method, given in the Shah Zij, for determining the 
time of day by the length of shadows. Following this 
is a method used in the same zij for computing 
rising times. 

He states (Chron., p. 6) that this zij uses midnight 
epoch in contrast to the general practice of using noon. 

Most significant of all, he observes (Risa’zl, III, 
pp. 24-30) that, at least with regard to the planetary 
equations, the parameters and methods used in the 
Shah Zij do not differ from those of the Sindhind (28) 
because they were taken from the Hindus to the 
Persians. And Abi Ma‘shar, Khwarizmi, and Ya‘qib 
ibn Tariq in their turn used the same system. 

Various planetary parameters of this zij are dis- 
played in $17 below. 


(Nallino, pp. 50, 226 ff.; Tagizadeh, pp. 79, 268, and 320.) 


31. Az-Zij al-Mukhtari’ was composed by al-Hasan 
bin as-Sabbah, c. 870 (?) (perhaps to be identified with 
al-Hasan bin Misbah, not the “Old Man of the 
Mountain”’ of Isma‘ili fame). Birani (Risa’il, I, p. 
39) names the zij in connection with his discussion of 
gnomon lengths used by various observers. Al-Hasan 
is reported to have determined the mean motions 
according to the methods of the Sindhind (28), 
whereas planetary equations in his zij were computed 
from the Ptolemaic model. 


(Suter, p. 19; Nallino, p. 224.) 
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32. The Zij-i Shahi, (= Az-Zij Ash-Shahi ¥ 30) (in 
Persian?) by Husdm-i (or Husam ad-Din) Sélédr is 
mentioned by Shams-i Munajjim (35); hence the work 
was written prior to 1320. The author may be either 
one of two individuals described by Suter, p. 195, and 
the work may possibly be the same as 25. 

Ahlwardt (Berlin, vol. X, p. 219) attributes a ij 
with this name to Nasir ad-Din at-Tisi (6), on what 
basis is not stated. He probably refers to a manu- 
script (Paris, Fonds pers. 173), by ‘Ali Shah bin 
Muhammad bin Qasim a/-Bukhari, ‘Ala’ al-Munajjim, 
c. 1301. 

See 40, which is an abridgment of a zij having this 
name. 

(Krause, p. 519; GAL, Suppl. vol. I, p. 844; Sédillot, p. xcix; 
Suter, pp. 161 and 227.) 


33. The Zij ash-Shastka = Zij-i Shastgah of Husein 
bin Masa al-Hurmuzi (or al-Hurmuzdi), c. 1180, of 
the Persian Gulf region (?), extant, but probably 
incomplete, as Meshed (Shrine Library), Vol. III, 
Ms. 333, 108, consisting of eight folios only. 


(GAL, Suppl. vol. I, p. 866; Sédillot, p. xcvix.) 


34. The zij of Shams ad-Din Muhammad bin 
Muhammad al-Halabi, muwaggit of the Aya Sofya 
Mosque in Istanbul, hence dating after the Turkish 
capture of the city in 1453. Being mentioned by 
HKh it cannot be later than, say, 1650, but may be 
too late for inclusion in this list. These tables are 
based upon the observations of Ibn ash-Shatir (11). 
Non-extant. 


(HKh, vol. III, p. 566.) 


35. Az-Zij al-Muhagqqag as-Sultani ‘ala Usiil ar- 
Rasad_ al-Ilkhani = Zij-i Shams-i Munajjim (in 
Persian) by Muhammad bin ‘Ali Khwaja Shams 
al-Munajjim al-Wabiknawi, and dedicated to the 
Ilkhan Abia Sa‘tid Bahadur Khan, c. 1320, is extant 
as Aya Sofya (Istanbul) 2694. As the title indicates, 
this work uses the elements of 6 above. The author 
mentions zijes 6, 7, 9, 23, 32, 42(?), 49, 53, 58, 62, 64, 
65, 84(?), and 108 in describing his motives for com- 
puting his own. GAL (Suppl. vol. II, p. 297), ap- 
parently erroneously, attributes this zij to Muhammad 
‘Ali bin Mubarakshah Shams ad-Din Mirak al-Bukhari 
(Samspuchari). Cf. 32 above. 

GAL also states that a Greek translation of these 
tables is in Florence as Ms. Laurentianus, Plut. 28, 
Cod. 17. In the CCAG (vol. I, pp. 85-89) excerpts 
from this manuscript are to be found. Suter (p. 219, 
note 80) regards the Greek work as a revision rather 
than a translation. In addition to some of the zijes 
referred to in the paragraph above, the excerpts men- 
tion also 6, 27, 32, 44, 55, 56, 84, and 108. ~The same 
zijes are mentioned also in an excerpt from a Vatican 
codex quoted in the CCAG in vol. V, part 3, p. 146. 


(HKh, vol. III, p. 566; Krause, p. 519.) 
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36. The Zij ash-Shams wa al-Qamar of Shihab 
ad-Din abi al-‘Abbas Ahmad bin Rajab bin Taibugha 
al-Majdi, c. 1420, of Cairo is extant in Cairo (p. 295). 


(GAL, vol. II, p. 128; Suter, p. 175.) 


37. The Kitab as-Zij fi ‘Ilm al-Falak of Sheikh 
Muhammad bin abi al-Fath as-Safi al-Misri (i.e., the 
Egyptian), c. 1480, is a simplified version of the zij of 
Ulugh Beg (12), for the longitude of Cairo, extant in 
Cairo (p. 233), Gotha 1379, 1, and elsewhere. 


(HKh, vol. III, p. 566; Suter, p. 185; GAL, Suppl. vol. II, 
p. 159; Gotha, vol. III, p. 39.) 


38. A zij (non-extant) by Muhammad bin Ahmad 
bin Yasuf as-Samargandi, who observed in Samarqand 
c. 870, is reported in 14, where a number of observa- 
tions of this astronomer are recorded. 


(Suter, p. 28; Caussin, pp. 150, 152, 166, etc.) 


39. Az-Zij as-Saghir (The Little Zij) is the third of 
the three attributed to Habash al-Hasib c. 850. See 
15 and 16. Non-extant. 


40. Az-Zij al-Mulakhkhas ‘ala ar-Rasad al-‘Ala’i, 
(£56) by Athir ad-Din Mufaddal bin ‘Umar al-A bhari, 
c. 1240, is an abridgment of a Zij-i Shahi, (probably 
32 rather than 30). Extant as Buhar Ms. 347. Cf. 
also 42 and 84. This work is not the same as 29, 
although both have the same incipit. 


(HKh, vol. III, p. 565, vol. IV, p. 567; GAL, vol. I, p. 608, 
Suppl. vol. I, p. 844; Suter, p. 145; Bihar, p. 381.) 


41. 74aj al-Azyaj wa Ghunyat al-Muhtaj (The Crown 
of Zijes . . .) is the work of Abi ‘Abdallah Muham- 
mad (or Yahya bin Muhammad) 72bn abi ash-Shukr 
al-Maghribi, c. 1250, and is extant as Escorial II, Ms. 
932 (Cas. 927). Nallino (Batt., vol. Il, p. xiv) has 
shown by an examination of the geographical tables 
of this work that it cannot be identical with 108. It 
is probable, however, that a son of Yahya is the author 
of 108. 


(Suter, p. 156; GAL, vol. I, p. 474, Suppl. vol. II, p. 869; 
Renaud, Isis, XVIII, p. 172.) 


42. Az-Zij al-‘Ala@’i. Reports concerning a work 
bearing this name are so numerous and conflicting that 
it seems justifiable to describe 84 below as a separate 
zij, and there may be more than two sets of tables 
involved, although none are extant. 

ITKh (vol. 111, p. 567) states that it is in Persian 
and is the work of Nizam al-A‘raj (al-Hasan bin 
Muhammad. . . an-Nishapiri al-Qummi, d. c. 1330) 
for one ‘Ala’ ad-Daula. (The Buyid monarch having 
this name died c. 1050.) 

In another place HKh (vol. III, p. 566) ascribes a 
zij of this name to Mu’ayyad ad-Din al-‘Urdi (ad- 
Dimishqi, c. 1240) or to ‘Ala ad-Din an-Nishapiri, or 
toal-Biriini (59). 
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The discussion in 29 adds nothing save that the 
composition of the ‘Ala’i work follows Abi al-Wafa’ 
(73) d.c. 1000. 

The Byzantine Greek work discussed in 35 also 
mentions an ‘Ala’i zij. 

Suter (Nachtr., p. 167) makes a number of conjec- 
tures as to the authorship of this zij. 

The manuscript listed in Vat. V. as Borgiani arabi 
91,1 may contain excerpts from this work. 


(Suter, p. 161; GAL, Suppl. vol. I, p. 869). 


43. The zij of ‘Umdat ad-Din is mentioned only in 
HKh, vol. III, p. 566. 


44. Az-Zij al-Fakhir is reported by al-Farisi (54) 
as having been written by ‘Ali an-Nasawi, doubtless 
Ibn Ahmad, abi al-Hasan, c. 1030, who worked under 
Buyid patronage in central Iran. The work as such 
is not extant, but following the colophon of the copy 
of 9 abstracted in §10 are several tables copied from 
the Fakhir zij. They confirm the statement of 
al-Farisi that the mean motions of this zij, as well as 
those of 9, 65, and 49, are taken from al-Battani (55). 


(Lee, p. 259; Suter, p. 96; GAL, Suppl. vol. I, p. 390.) 


45. A zij is reported (by Birdni, India, p. 209) as 
having been written by one Muhammad bin Ishaq bin 
Ustadh Bundddh as-Sarakhsi in which an error of 
al-Fazari (2) and Ya‘qib bin Tariq (71) was rectified. 
In another place Biraini (Chron., transl. p. 29) says 
that the same individual worked out planetary cycles 
in the style of the Hindus but on the basis of improved 
observational data. In various places in the Risa@’il 
he discusses Sarakhsi’s planetary parameters. In one 
such place (III, p. 23) he speaks of him as being among 
the Ashdb as-Sindhind, i.e., the advocates of its 
methods. 


46. Az-Zij al-Kabir (The Big Zij) li’n-Nairizi was 
one of two zijes produced by Al-Fadl bin Hatim 
an-Nairizi (i.e., of Nairiz, a town near Shiraz) abi 
al-‘Abbas, c. 900, both non-extant. The other is 75 
below, which see. The former, at least, was based on 
the Sindhind (28). <A passage from one of these zijes 
is quoted by Ibn Yiinis (14). See 63 below. 


(Suter, p. 45; Caussin, p. 118; Fihrist, p. 389, Transl., p. 35.) 


47. Az-Zij al-Mustalah of Muhammad bin Muham- 
mad al-Fdarigi al-Muhiasib is cited by HKh (vol. III, 
p. 568), but with no indication as to the date or place 
of writing. Caussin (p. 23) states that Ms. Arabe 
1144 of the Bibliothéque Nationale is catalogued as a 
copy of the tables of Ibn Yianis, but that in reality it 
has only a few tables from the latter and is a part of 
the Mustalah Zij, which, he says, seems to have been 
composed in the fourteenth century. The catalogue 
of 1883-1895 (Paris) does not list an astronomical 
work under the old number 1144. 
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HKh in another place (vol. III, p. 470) says that 
the Hakimi (cf. 14) observations were made in Egypt 
in the year 250 a.H. (864/5 A.D.) and that the results 
were used in the Mustalah Zij. 


48. Az-Zij al-Kamil, | = Al-Kdmil fi at-Ta‘alim. 
This is another case where a number of references all 
mention a zij or zijes having the same name. Here at 
least three distinct works, seem indicated, and the 
remaining two have been numbered 49 and 82. 

48 is a composite of 5, 66, and 72 by Aba al-Hasan 
(or Abi Muhammad) ‘Abd al-Haqq al-Ghafiqi, Jbn 
a!-Ha@’im al-Ishbili (i.e. of Seville), c. 1280 (?) who 
claims to have corrected the errors of Ibn al-Kamad. 
The work is extant as Bodl. IJ, 2, Ms. 285 (Marsh 
618). From the table of contents in the Bodleian 
catalogue it seems that in this work the theory of the 
trepidation of the equinoxes is adopted. 


(HKh, vol. III, p. 568; Suter Nachtr., p. 185; GAL, Suppl. 
vol. I, p. 864.) 


49. Zij-i Kamil, 11. This work is mentioned by 
Shams al-Munajjim (35) as having been written by 
Abii ar-Rashid ad-Ddnishi. It is also cited by al- 
Farisi (54) as having been based on the mean motions 
of al-Battani (55). Diacritical points are lacking 
from al-Farisi’s spelling of the author’s name, but it 
can be read as ad-Danishi. 


(Krause, p. 519; Lee, p. 259.) 


50. The Z7j al-Ma’min is mentioned by HKh (vol. 
III, p. 567) without other information than the inczpit, 
which differs from that of 51 below. 


51. Az-Zij al-Ma’mini_ 1i’l-Mumtahan = Tabula 
Probata = Zij ash-Shamdsiya = Az-Zij al-Mujarrab al- 


Ma'miini by Yahya ibn abi Mansiir, c. 810, is the - 


famous set of tables resulting from the observations 
of an astronomical commission appointed by the 
Caliph Ma’miin and headed by Yahya. The Escorial 
II manuscript Codex Arabe 927 abstracted in §5 
below purports to be a copy of this work, the only one 
extant. But, as will be seen from the abstract, only 
the first few folios can represent part of the Mumtahan 
zij in its original form. The remainder is material of 
great interest, but from earlier and later sources, 
mostly unacknowledged. 

The name Shamiasiya associated with this work is 
that of the quarter of Baghdad in which the Mumtahan 
observatory was located. Probata is the medieval 
Latin translation of mumtahan. (Cf. Millés Valli- 
crosa, p. 76.) 

Ibn Yiinis (14) states that the Mumtahan observa- 
tions were concerned only with solar and lunar mo- 
tions, and not with the motions of the planets proper. 


(Suter, p. 8; Fihrist, p. 384; Ibn al-Qifti, pp. 357-59; Caussin, 
pp. 58, 172.) 
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52. Az-Zij al-Mahmiadi by Hibitallah bin al-Husein 
bin Ahmad abi al-Qasim, Badi‘ az-ZamAan al-A stur/abi, 
c. 1120, of Baghdad, is not extant. 


(Suter, p. 117.) 


53. Az-Zij al-Muhkam is the second of the works of 
al-Fahhdd, c. 1150, discussed in 23 above, which see. 
Non-extant. 


54. Az-Zij al-Mumtahan al-Mugaffari = az-Zij al- 
Mumtahan al-Khazd@’ini = az-Zij_ al-Mumtahan ai- 
‘Arabi by Muhammad ibn abi Bakr al-Farisi, c. 1260 
is extant as Cambr. 508 which also contains an abridged 
version of the same zij._ It is described by Lee and is 
of unusual interest for a number of reasons. 

The work is dedicated to the author’s patron, al- 
Malik al-Muzaffar, Yisuf bin ‘Umar, King of Yemen, 
whence the first name of the zij.. It was written for 
the royal treasury (al-khdzan), whence the second. 
The tables are computed for the latitude and longitude 
of the Yemen. They are based on the observations of 
al-Fahhad (see 23, etc.). 

The introduction to the work, after the manner of 
Ibn Yiinis (14), makes critical mention of no less than 
twenty-eight other zijes, to wit, 1, 8, 9, 14, 15, 23, 38, 
44, 46, 49, 51, 53, 55, 58, 62, 63, 64, 65, 70, 84, 91, 93, 
94, 95, 96, 97, 98, and 99, all on the authority of 
al-Fahhad. Of these, 93 through 99 have been found 
mentioned nowhere else in the literature, and for a 
number of those cited elsewhere the information given 
by al-Farisi has confirmed or established matters of 
authorship and families of zijes. These items have 
been incorporated into the articles of the works they 
concern directly. 

Al-Farisi has taken over intact the mean motions 
of the latest of the six zijes written by al-Fahhad, 84. 

He has a chapter and a table on what Lee (p. 263) 
takes to be a comet (al-kaid) ‘tone of the stars having 
a tail, not situated in the firmament of the stars: but 
having its place in the etherial heaven, below that of 
the moon.”’ For other references to this topic, see 


§4, O and §12, E below. 


(HKh, vol. III, p. 567; Suter, pp. 139, 218; Nachtr., p. 175; 
Taqizadeh, p. 366; Cambr., p. 93.) 


55. Az-Zij as-Sdabi’ (abstracted in §9 below) of Abi 
‘Abdallah Muhammad bin Sinan bin Jabir al-Harrani 
al-Battani (known as Albategnius in medieval Europe), 
c. 900, of Raqqa on the upper Euphrates, is the second 
of the two zijes which have been published. The 
monumental edition of this work by C. A. Nallino, 
‘“‘Al-Battani sive Albatenii Opus Astronomicum”’ (ab- 
breviated in the bibliography as Nallino, Batt.), 3 vols., 
Milan, 1899-1907, is the foundation of the modern 
study of Islamic astronomy. Unfortunately the 
translation of the text and the immensely valuable 
notes and commentary are in Latin. 

As for the zij itself, it is strongly Ptolemaic, with 
very little Hindu influence, and no change in the basic 
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theory. Battani was evidently an excellent observer, 
however, and his tables show considerable sharpening 
of parameters. Two Latin translations were made of 
this zij, one having been printed in 1537. Thus 
Battani’s work was influential in the development of 
European astronomy. 

Birtini (Risa@il, Il, p. 63), in connection with 
the computation of planetary sectors, mentions an 
abridgment of this zij made by Abi al-‘Abbas al- 
Hawalfa‘si (?). 

Battani’s elements were taken over to form the 
basis of 9, 44, 49, and 65. 


(Suter, p. 45; Delambre, pp. 10-62.) 


56. Az-Zij al-Athiri (+40) may be the work of 
Athir ad-Din al-Mufaddal bin ‘Umar al-Abhari, c. 
1240, of Mosul who is known to have computed a zij. 
The conjecture is based entirely on the similarity be- 
tween the names. An extract of this zij is extant as 
Vat. V. Borgiani arabi 91,1. This work is referred to 
in the preface of 81, the author of the latter stating 
that he has used it in writing 81. He says further 
that the author of 56 in turn made use of the elements 
of Abii al-Wafa’ (73). As stated under 29, the 
anonymous author of 29 likewise utilized Abi al- 
Wafa’. From this the author of Brit. Mus. TI, 2 
(p. 188) infers that 56 and 29 may be the same work, 
a conjecture which cannot presently be disproved, but 
which can by no means be regarded as established. 


(Suter, p. 145; GAL, Suppl. vol. I, p. 844.) 


57. Az-Zij al-Mukhtaér, by one Aba al-‘Uqgil of 
Cairo, is extant as Brit. Mus. (Suppl.) 768. Ap- 
parently it is made up of selections from other zijes. 
Brockelmann (GAL, Suppl. vol. I, p. 864) gives its 
date as c. 1200, on what authority is not evident. The 
author has made use of the zij of Ibn Yinis (14). 


58. Az-Zij al-Mustaufi = Az-Zij al-Mustawi is the 
third of the six zijes attributed to al-Fahhdd, c. 1150, 
discussed in 23 above, which see. Non-extant. 


59. Al-Qanin al-Mas‘tidi = The Masudic Canon 
(abstracted in part in §11 below) is the work of the 
great scientist and scholar Aba Rethadn al-Birini, c. 
1030. This is extant in several copies, among which 
are Berlin Ms. 5667, Brit. Mus. Suppl. Ms. 756 (Or. 
1990), Istanbul Carullah Ms. 1498, etc. 

The entire work comprises eleven treatises, of which 
the third has been translated and commented on by 
Schoy (Mas‘idi). Translations or publications of ad- 
ditional odd chapters also exist and are noted in §11 
below. As has often been remarked the publication 
of the entirety of this extremely important document 
would be an achievement of first importance for the 
study of Islamic science. Such an edition was being 
prepared by Max Krause, who was killed during the 
course of World War II. The Oriental Publications 
Bureau of Osmania University, Lallaguda, Hyderabad- 
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Deccan has undertaken to publish the Arabic text, 
and it is to be hoped that this will soon appear.® 

From references in his writings, it is clear that 
Biriini had access to zijes 2, 15, 19, 21, 28, 30, 31, 45, 
46, 55, 63, 70, 71, 73, 82, and 100, many of which are 
no longer extant. 


(Krause, pp. 479-80; Suter, pp. 98-100; GAL, vol. I, p. 475, 
Suppl. vol. I, pp. 870-75.) 


60. An incomplete copy of a zij in the library of 
the Iranian Parliament (Tehran Ms. 181) may be 
based on the observations of Hamid bin al-Khidr, Abi 
Mahmid al-Khujandi, c. 990, who worked at Rayy 
(near Tehran) under the patronage of the Buyid 
prince Fakhrad-Daula. This zij is written in Persian, 
and the epoch of the tables of mean motions is 600 
Yazdigird, some two centuries after the death of 
al-Khujandi. 


(Suter, p. 74.) 


61. A zij (non-extant) is reported written by an 
astrologer named Harith, c. 850. 


(Suter, p. 19; Fihrist, p. 388, transl., p. 34.) 


62. Az-Zij al Mu‘tadil = Az-Zij al-Mu'‘addal(?) is 
the fourth of the six zijes attributed to al-Fahhdd, 
c. 1150, discussed in 23 above, which see. Non-extant. 


63. The 277 al-Hazdrat (The Zij of the Thousands) 
and Zij al-Qirdnat w'al-Ihtirdgat are by Ja‘far bin 
Muhammad bin ‘Umar aba Ma'‘shar (Albumasar) al- 
Balkhi, c. 850, the astrologer whose works and fame 
spread throughout medieval Europe. The tables are 
no longer extant, although there are many references 
to them in the literature. Birani (Chron., pp. 29-31) 
states that they embodied the notion that at the time 
of the creation all seven planets were in conjunction 
(girdn), and that at the expiration of 360,000 years 
this great conjunction would recur, whereupon a new 
cycle of creation would commence. For this idea, 
taken over from the Sasanian Persians, Biriini ex- 
presses great contempt, saying that any competent 
astronomer could work out a proper value for such a 
cycle on the basis of contemporary observations. 
This was in fact done, he says, by Abi al-Wafa’, (73) 
as-Sarakhsi (45), and himself. 

In the India (p. 157) he says that Abii Ma‘shar took 
the longitude of Kangdezh (Kangdiz), a legendary 
castle in the extreme east, as the base point for his 
geographical locations. 

In another work (Risa@’il, II, p. 39) Biriini remarks 
that ‘among the most marvelous things” is that in 
Abii Ma‘shar’s tables he takes the gnomon length as 
six and two thirds feet, whereas in his operations he 


6 Note added in proof: since the above was written, the first 
part of this publication has in fact appeared. It comprises the 
Arabic text of the first four treatises of this zij and is called: 
Al-qaniin'I-mas'‘idi, Vol. I, Osmania Oriental Publications Bureau, 
Hyderabad-Dn., India, 1954. 
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computes as though it were six and a half feet. More- 
over air-Nairizi (46) and al-Hashimi (82) incorporated 
the mistake into their own zijes. 

As for Abi Ma‘shar himself, Biriini says with heavy- 
handed sarcasm that he is of those ‘‘who excite suspi- 
cion against astronomers and mathematicians by 
counting themselves among them.”’ 

In these tables the epoch of the Deluge, which is 
actually the Hindu era of the Kaliyuga (epoch 3102 
B.C.), is employed, and Biriini (Chron., p. 136) gives 
the rule for expressing dates according to it. 

In a third work (Risa@’i/, III, p. 21) he discusses 
Abi Ma‘shar’s method of determining the planetary 
equations. 

Cf. 106 below. 


(HKh, vol. III, p. 558; Fihrist, p. 386; Suter, p. 28; Hashimi.) 


64. Az-Zij al-Mughni is the fifth of the six zijes 
attributed to al-Fahhdd, c. 1150, discussed in 23 above, 
which see. Non-extant. 


65. The Zij-t Mufrad (in Persian) by Abi Ja‘far 
Muhammad bin Aiyaib bin Hasib at-7abari, c. 1230 is 
extant as Browne, 0.1. Al-Farisi (54) states that this 
work, like 9, 44, and 49, used the mean motions of 
al-Battani (55). 


(HKA, vol. III, p. 568; GAL, Suppl. vol. I, p. 859; Strothmann, 
Der Islam, vol. XXI, p. 298.) 


66. Az-Zij al-Mugtabas was produced by Ibn al- 
Kamédd, c. 1130 by combining his other zijes, 5 and 72. 
The same elements were again worked over, this time 
by Ibn al-Ha’im, to produce 48, which see. The 
statements of /7Kh in this connection (vol. III, pp. 
568-569) are complicated and confusing and may 
imply that a second zij called al-Muqtabas was formed 
from 48. 


(Suter, p. 196, Nachtr., p. 185; GAL, Suppl. vol. I, p. 864.) 


67. The Zij al-Mamarrat is another of the works of 
the Bani Amdajir, c. 910; non-extant. Cf. 8. 


68. A zij is reported as having been produced by 
Muhammad bin ‘Abdallah bin ‘Umar, /bn al-Bdzyar, 
c. 850, a student of Habash (15). 


(Fihrist, p. 385; Suter, p. 16; Ibn al-Qifti, p. 286.) 


69. The zij of al-Hasan bin Ahmad bin Ya‘qib abi 
Muhammad al-Hamddani, Ibn al-Ha’ik, c. 930, who 
was born and died in Yemen, was widely used in the 
latter country. Non-extant. 


(HKh, vol. III, p. 570; Suter, p. 53; Ibn al-Qifti, p. 163.) 


70. Az-Zij al-‘Adudi, the non-extant work of ‘Ali 
bin al-Husein abi al-Qasim al-‘Alawi, Jbn al-A‘lam 
ash-Sharif al-Huseini, c. 960, was greatly admired and 
continued to be used until the thirteenth century. It 
is mentioned by Ibn Yiinis (14) who cites observations 
of the author. Biriini also mentions it, calling atten- 
tion to the difference between the planetary equations 
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of the Almagest and those of Ibn al-A‘tlam. The latter 
worked under the patronage of the Buyid Sultan 
‘Adud ad-Daula, whence the name of his zij. 


(Suter, p. 62; Caussin, pp. 154, 170; Biruni, Risa’il, 11, p. 23, 
and III, p. 30; HKh, vol. III, p. 470.) 


71. Az-Zij al-Mahlul min as-Sindhind li-Darajat 
Daraja by Ya‘qub ibn Tariq, c. 770, is, as its name 
indicates, based on 28, and with the table entries 
computed for one degree intervals of the arguments. 
Ya‘qib is reported to have been in attendance at the 
court of the Caliph al-Mansir upon the arrival there 
of Kankah(?) an Indian astronomer who supplied the 
material for the zij. See 2 above. Sachau (Birini, 
India, transl., vol. II, pp. 311-313) is of the opinion 
that Ya‘qib’s work Kitab fi Tarkib al-Aflak (Com- 
positio Sphaerarum) is to be identified with the zij. 

(Suter, p. 4; Nallino, pp. 215 and 221; Steinschneider, ZD MG, 


vol. 24, p. 332; Hadshimi; Birtini, India, transl., vol. II, pp. 
67-68; Ibn al-Qifti, p. 378.) 


72. Az-Zij al-Kaur ‘ala ad-Daur is the third of the 
three zijes ascribed to /bn al-Kamdd, c. 1130. Non- 
extant as such, it is reputedly incorporated in 48. 
See also 5 and 25. 


73. Az-Zij al-Wadih (+ The Almagest of Abi al- 
Wafa’) is the product of the observations of Muham- 
mad bin . . . al-‘Abbas, Aba al-Wafa’ al-Biizjani, c. 
970, and his collaborators working at Baghdad under 
Buyid patronage. The parameters thus deduced were 
sufficiently well thought of to be taken over by the 
authors of 29, 42, 56, and 81. 

It has been suggested that Abi al-Wafa’s zij and 
his Almagest are to be identified, or that the former 
is the set of tables to go with the latter. Birdni (in 
Risa@’il), however, writes of the two as though they 
were separate works. In any event the question is 
academic, since the zij is non-extant and the Almagest 
is available only in part. It is Paris, Ms. Arabe 2497, 
and includes in its 107 folios only the first seven 
treatises of the work. It has no tables, but contains 
material of interest for the history of. trigonometry. 


(Suter, p. 71; Fihrist, p. 394; Carra de Vaux, L’almageste 
d’Abia’lwéfa Albiizdjani, Jour. Asiatique, 19 (1822), pp. 408-471.) 


74. Az-Zij al-Mufannun is mentioned only by HKh 
(vol. III, p. 570) with no indication of date or author. 


75. Az-Zij as-Saghir (The Little Zij) li’n-Nairizi is 
the second of the two ascribed to an-Nairizi, c. 900. 
Non-extant. See 46 for references. Ibn Yiinis states 
(Caussin, p. 74) that Nairizi adopted the solar mean 
motion of Yahya (51) as determined at Baghdad. 


76. A zij is reported by a single source written by 
Yiasuf bin ‘Umar al-Juhani, c. 1020, of Toledo. These 
tables may be the Tabulae Jahen translated by Gerard 
of Cremona (apparently not extant). 


(Suter, pp. 96 and 214; Wiistenfeld, p. 66.) 
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77. Al-Majisti ash-Shahi, i.e. the Almagest (dedi- 
cated to) the Shah (Abia al-‘Abbas ‘Ali bin Ma’min 
of Khwarazm) was the principal work of Aba Nasr 
Mansir bin ‘Ali bin ‘Iraq, c. 1000, of Khwarazm. 
The author of this important work was the teacher, 
friend, and scientific correspondent of al-Biriini (59). 
The treatise itself is non-extant, except for a short 
extract, India Office, 734,2°. 


(KKrause, M., Die Spharik von Menelaos aus Alexandrien in der 
Verbesserung von Abii Nasr Mansir b. ‘Ali b. ‘Iraq... , 
Abhand. der Gesellschaft der Wissenschaften zu Gottingen, Philol.- 
Hist. Klasse, Dritte Folge, Nr. 17, 1936.) 


78. Az-Zij al-Khdlis is another of the five zijes pro- 
duced by the Bani Amajaur. Cf. 8 and 67. 


79. Az-Zij al-Muzannar is likewise one of the pro- 
ductions of the Bani Amdajir, cf. 8, 67, and 78. 


80. A certain al-Khdqdani (not to be confused with 
20), c. 1010, is reported by Jbn al-Qifti (p. 181) to 
have been the author of astronomical tables. No 
other information is available regarding him or the 
work. 


(Suter, p. 95; Steinschneider, ZD MG, 24, p. 350.) 


81. Az-Zij al-Jadid al-Musamma Durr al-Mun- 
takhib is by an individual who calls himself a/-Qiss 
QOiriaqus (the priest Cvriacus), a Christian convert to 
Islam. The work is extant as Bodl. II, 2, Ms. 274. 
It can be dated as c. 1480 since not only is the equiva- 
lent Yazdigird year 850 taken as epoch for the 
chronological tables, but the author gives an example 
of conversion between calendars in which he chooses 
this year. 

The introduction to this zij is strongly reminiscent 
of that of 29, indeed a short passage occurs identically 
in the two works. However, this is not a copy of 29. 
But Cyriacus says, as does the anonymous author of 
29, that he has utilized the work of Abi al-Wafa’ (73), 
but through the intermediary of the Athiri Zij (56), 
after checking by independent observations. Cf. 
under 56. 

All of the standard topics and types of tables are 
present, and since several tables are computed for a 
latitude of g = 37; 30° the work will have been for 
the vicinity either of Tabriz (in northwest Iran) or 
Samargand (Turkestan). 


82. Az-Zij al-Kamil (li’l-Hashimi) by Muhammad 
bin ‘Abd al-‘A ziz al-Hashimi, c. 950, is cited by Birani 
(Chron., p. 315), in connection with his listing of the 
feasts of the Sabians. Non-extant, this zij is not to 
be confused with 48 or 49. See 63 above. 


(Suter, p. 79; GAL, Suppl. vol. I, p. 386.) 


83. Az-Zij al-Ikhtiyari is a work extant as Rampir, 
I, Ms. 428,41. This, GAL (Suppl. vol. I, p. 844) 
ascribes to A thir ad-Din (56), tentatively equating the 
zij to 56. Neither the zij nor the Rampir catalogue 
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are available to the present writer, and the grounds 
for this ascription cannot be assessed by him. 


84. Az-Zij al-‘Ala’i ar-Rasadi is the sixth of the 
zijes ascribed to al-Fahhdd, c. 1150. Non-extant. 
See in particular 23, also 53, 58, 62, and 64. The 
elements of this zij were used by al-Farisi (54), it 
being the last of the series and based on observations 
of al-Fahhad himself. 


85. ‘Umar bin Muhammad bin Khalid bin ‘Abd al- 
Malik (al-Marwaridi), c. 880 (?), himself an observer 
and a son and grandson of astronomers, is reported to 
have written a zij compendium (mukhtasar) based on 
the methods of the Mumtahan observers. The au- 
thor’s grandfather was a member of al-Ma’min’s 
astronomical commission and to him 97 is ascribed. 


(Suter, p. 38; Fihrist, p. 386; Ibn Al-Qifti, p. 242.) 


86. Az-Zij az-Zahi is an extract from az-Zij ash- 
Shah (30) made by Yahya bin Muhammad bin 
‘Abdan bin ‘Abd al-Wahid, Abii Zakariya, Jbn al- 
Lubidi, c. 1250, of Syria and Egypt. Non-extant. 
See 87 below. 


(Suter, p. 146.) 


87. Az-Zij al-Muqarrab is a second zij produced by 
Ibn al-Lubidi (see 86 above), this one based on the 
Mumtahan (51) observations. 


88. The Z7j at-Tashilat (The Zij of Simplifications) 
by Jamshid al-Kdshi (20) c. 1420, non-extant, is a 
work which Kashi himself lists among his productions, 
in the introduction to his Miftah al-Hisab (cf. Luckey, 
P., “Die Rechenkunst bei Gam&id .. . al-Kagi,”’ 
Wiesbaden, 1951, p. 6). As will be seen in the ab- 
stract of Kashi’s other zij, ff. 142r through 156r of 
the India Office copy consist of tables for simplifying 
the determination of true planetary positions. In 
addition there is considerable explanatory text. It is 
reasonable to conjecture that the author, having 
worked out the methods these tables embody, before 
the writing of 20, should have issued them as a self- 
contained work. 


89. A zij was prepared by Muhammad ‘Ali bin 
Shu‘aib, Fakhr ad-Din abi Shuja‘, /bn ad-Dahhdn, c. 
1170, who worked in Damascus in the service of the 
famous Saladin. Non-extant. 


(Suter, p. 126.) 


90. A version of the Sindhind (28) was prepared by 
the Bani Amajiar, c. 910, non-extant. For references 
see 8. 


91. A zij (non-extant) is ascribed to the three Bani 
Misa, c. 850, sons of Misa bin Shakir, by Ibn Yanis 
(14), who quotes numerous parameters and observa- 
tions from their work. Al-Farisi (54) also attributes 
a zij to these brothers. Cf. 92 below. 


(Suter, p. 8; Caussin, pp. 148-151; Lee, p. 252.) 
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92. A separate zij (non-extant) by Ahmad bin Musa 
bin Shakir, Abi al-Qasim, one of the three brothers 
of 91 above, is also attested to by Ibn Yiinis (14) who 
quotes parameters found by Ahmad _ individually. 
For references see 91 above. 


93. A zij (non-extant) is attributed to the famous 
Thabit bin Qurra, c. 870, by al-Farisi (54). Thabit 
advocated the theory of the equinox trepidation. See 
94 below. His table of visibility limits is reproduced 
by al-Khazini (27, cf. §12, L below). His table of 
right ascensions appears in 15 (§7, C below). Ibn 
Yiinis (14), quoting a letter of his, says his elements 
(i.e., basic parameters) are too well-known to need 
writing down by him. Later he cites five equinox 
observations of Thabit in Baghdad. Thabit’s version 
of Ptolemy’s ‘‘Planetary Hypothesis’ has been pub- 
lished in German translation in Ptolemaeus Opera, II, 
Leipzig, 1907, pp. 71-145. For the Greek text of 
Book I, see pp. 70-106. 


(Lee, p. 252; Suter, p. 34; Caussin, pp. 114, 146; GAL, vol. I, 
p. 217, Suppl. vol. I, p. 384.) 


94. A zij (non-extant) is attributed to Ishaq ibn 
IIunein (not to be confused with Hunein ibn Ishaq, 
his father), c. 880, by al-Farisi (54). Ishaq, best 
known as a physician and translator, made a transla- 
tion of the Almagest which was revised by Thabit (93). 
It is possible that this is the ‘‘zij’’ referred to. It is 
also possible that both individuals recomputed the 
tables to conform to their own or other post-Ptolemaic 
observations. 


(Lee, p. 252; Suter, p. 39.) 


95. A zij (non-extant) is attributed to the celebrated 
maker of astronomical instruments, Hamid bin ‘Ali 
al-Wasiti, c. 870, by al-Farisi (54). 


(Lee, p. 252; Suter, p. 40; GAL, Suppl. vol. I, p. 398.) 


96. Sanad ibn ‘Ali, c. 830, a Jewish convert to 
Islam, played a leading role in the Ma’miin observa- 
tions. He was the author of a zij, no longer extant, 
which was still being used in the thirteenth century. 


(Ibn al-Qifti, p. 206; Suter, p. 13; HKh, vol. III, p. 466; 
Caussin, pp. 56, 66, 67, 94.) 


97. A zij (non-extant) was written by Khalid bin 
‘Abd al-Malik a/-Marvaradi (or al-Marwazi, of Marv), 
c. 830, according to al-Farisi (54) and HKh. The 
former adds that the values used by Marvaridi for 
the lunar and solar mean motion were. the same as 
those employed in 15, 51, and 99, which is not sur- 
prising since the authors of all of these zijes col- 
laborated in the Ma’miin observations. 


(Lee, p. 252; Suter, p. 11; HKh, vol. III, p. 466.) 


a 98. A zij, non-extant, is credited to Muhammad bin 
‘Isa, abi ‘Abdallah al-Mahdni, c. 860, by al-Farisi (54). 
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Ibn Yiinis (14) reports many of al-Mahani’s observa- 
tions at Baghdad. 


(Lee, p. 252; Suter, p. 26; Caussin, pp. 102-113.) 


99. Al-‘Abbas bin Sa‘id al-Jawhari, c. 830, partici- 
pated in the Ma’min observations both at Damascus 
and Baghdad. By Ibn al-Qifti, HAh, and al-Firisi 
(54) he is alleged to have written a zij, now non-extant. 
Al-Farisi states further that his determination of the 
solar and lunar mean motions was confirmed by the 
observations of al-Fahhad (23, see above). 


(Lee, p. 252; Suter, p. 12;, HKh, vol. HII, p. 466.) 


100. A short excerpt from the zij of Aba ‘Asim 
‘Isam, c. 760, a freedman of the powerful Khalid bin 
Barmak is given by Birtini (Risa@’il, II, p. 93). The 
passage relates to a method for determining the 
meridian solar shadow length in terms of the length 
at equinox, and Biriini shows that it is closely related 
to the methods used in Hindu zijes. 


101. Az-Zij al-Hdartini is referred to by Birani 
(Risa@’il, I1, p. 159) who describes an operation con- 
tained in it in which Hindu type sine functions 
are used. 


102. A zij is reported written by Haran bin ‘Ali bin 
Yahya bin Abi Mansir (i.e. the grandson of the author 
of 51) c. 860. These tables may be identical with 
101 above. 


(Suter, p. 34.) 


103. Az-Zij al-Kafi was written by ‘Utdrid bin 
Muhammad, according to Biraini (Risa’il, III, p. 85), 
who mentions the work in connection with a discussion 
of planetary theory. 


(Suter, p. 67; Fihrist, transl., p. 33.) 


104. In several places Biriini refers (Risa’il, I, pp. 
87, 108; III, p. 89) to the zij of Abu Bakr Muhammad 
bin ‘Umar bin al-Farrukhan, c. 780, whose family was 
from the Caspian coastal region of Iran. In one place 
Biriini savs that Ibn ‘Umar’s work is intermediary 
between that of Abii Ma‘shar and the Persians. 


(Suter, p. 17.) 


105. Regarding Az-Zij al-Mukhtasar (+ 17 # 85) 
of Abi Muhammad as-Sanafi (?), Birtini (Risa’il, U1], 
p. 23) states that the author’s claim to have deter- 
mined certain planetary parameters by observation 
is false. 


106. A Zij Ja‘far has been remarked by Wiistenfeld 
(pp. 21-22) of which at least one fragment of a Latin 
translation exists. It is listed in the Catalogue général 
des mss. des bibl. publiques de France, Paris, Bibl. 
Mazarine, Paris, 1890, t. III, pp. 151-152, ms. 3642 
(1258), fol. 82-90, with the title “Liber Ezich lIafaris 
el Kauresmy, per Adelardum Bathoniensem ex arabico 
in latinum sumptus.”’ It has been assumed that the 
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transliteration of al-Khwarizmi in the title implies that 
the author of 21 is intended, but Wiistenfeld points 
out that Ja‘far is not among the names of Muhammad 
ibn Misa. It is the name of Abi Ma‘shar, the author 
of 63, and Wiistenfeld suggests that the Latin trans- 
lator may have confused Khwarizm with Khurdasan, 
Abii Ma‘shar’s place of origin. This is possible, but 
Ja‘far is a very common name, and we list the work 
separately pending examination of the manuscript. 


(Suter, p. 11.) 


107. From the zij of ‘Abd ar-Rahmdan bin ‘Umar, 
abi al-Husein as-Safi, c. 950, Ibn Yiinis (14) cites the 
basic parameter for the solar mean motion. No other 
available source mentions this zij, the author being 
best known for his star catalogue. 


(Suter, p. 62; Caussin, pp. 154-155.) 


108. The zij of Muhi al-Milla w’ad-Din Yahya bin 
Muhammad, bin Abi ash-Shukr al-Maghribi al- 
Andalisi, c. 1280, is extant as Meshed (Shrine Li- 
brary) Ms. 332(103); the author assisted Nasir ad- 
Din in the preparation of 6. See 41 above. 


(Suter, p. 155; GAL, vol. I, p. 474, Suppl. vol. II, p. 869.) 


109. A zij written by a certain Jbn al-Masih, Abi 
al-Oasim Ahmad al-Gharndfi (i.e. of Granada) c. 1060, 
is reported by d’Herbelot as being “un fort gros vol- 
ume.”’ The name of the author has been found 
nowhere else in the literature. 


SUPPLEMENTARY LIST 


For the sake of completeness, and to avoid confusion 
with regard to nomenclature, the following titles are 
listed and indexed, but with an X preceding the serial 
number. They consist either of (a) sets of tables 
called zijes which are not really zijes in our sense, or 
(b) proper zijes but dating before the eighth century 
or after the fifteenth. 


X200. Zij as-Safa'ih, Tables (for the Laying out of 
Astrolabe) Plates, by Abi Ja‘far al-Khdazin, c. 950. 


(GAL, Suppl. vol. I, p. 387.) 


X201. The name Z7j at-Tailasdn, has been used for 
tables involving the determination of the length of 
daylight. It is also used by Biriini (Chron., p. 132) 
in speaking of a chronological table. The word 
tailasin is a Persian one meaning hood or cowl and 
probably denotes tables formed of right triangular 
arrays of numbers (hence resembling triangular cowls) 
joined along the diagonals. This is the form of the 
Biriini table. 


(Suter, Nachtr., p. 165.) 
X202. Az-Zij li--Ard Makka was computed c. 1680. 
(GAL, Suppl. vol. II, p. 487.) 
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X203. The 2ij-1 Muhammad Shah-i Hindi = Zij-i 
Jadid-i Muhammad Shahi = Zij-t Rajah Jai Singh 
Sawa’ (in Persian) was finished c. 1730. 


(Bankipore, vol. XI, p. 69.) 
X204. Zij-1 Shahjihini was computed c. 1610. 
(Knobel, p. 92.) 


X205. Zij Thda'tin = al-Qantin = Qanin al-Masir 
are common appellations for the Theon Handy Tables. 


(Hashimi, Fihrist, transl., pp. 21, 53; HKh, vol. III, p. 470.) 


X206. The Z7j al-Hargqan is mentioned by Birani 
(India, transl., vol. I, p. 228). From the little al- 
Biriini says of it, Nallino (p. 226) concludes that the 
date of its composition was 742 and conjectures that 
hargan is an Arabic transliteration of the Sanscrit 
ahargana, a word meaning the number of days between 
a certain epoch and a given time. (Cf. Schmidt, O., 
“On the Computation of the Ahargana,’’ Centaurus, 
1952, p. 140.) This fits in with the statement of 
Sachau (Birani, India, transl., vol. I, p. xxxv; vol. II, 
p. 378) to the effect that this zij was probably a 
handbook for conversion of Hindu, Arabic, and 
Persian dates. 

In another work Biraini (Risa@’il, III, p. 26) quotes 
from the Harqan three (Arabic) mnemonic verses used 
in Aryabhata’s method for the determination of the 
solar and lunar equations. 


X207. By Zij Batlamyis is probably intended the 
Handy Tables of Ptolemy, as distinguished from the 
Almagest (al-Mayjis{i). 

X208. Zij-t Qasint = The Tables of Cassini, in 
all probability the ‘‘Tables astronomiques . . .”’ of 
Jacques Cassini, Paris 1740. 


X209. Az-Zij al-Mufid ‘ala Usiil ar-Rasad al-Jadid 
of Ridwan ar-Razzaz, c. 1710. 

(Princeton, Garrett 1004, p. 316.) 

X210. Az-Zij al-A‘shart ash-Shahanshahiya (The 
Imperial Decimal Zij) is a late Turkish work. 

(GAL, Suppl. vol. III, p. 1290.) 

X211. Az-Zij al-Hindisi (The Geometric Zij) of 
Abii Fad! al-Hayyani (?), c. 950, non-extant, we take 
to be other than an astronomical handbook. 


(Suter, p. 67; Fihrist, p. 391.) 


X212. Az-Zij al-Muthannda ash-Sharji was compiled 
c. 1660. 


(GAL, Suppl. vol. II, p. 567.) 


X213. Al-Qanin li-Umdaniyis (The Canon of Am- 
monius?) is the name of a work extant (but incomplete 
in Arabic, Munich Ms. 853) in the redaction of az- 
Zarqali (24). ; 

Steinschneider (Etudes, p. 2) states that several 
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copies of a Latin translation of this canon are extant, 
e.g. Bodleian, Cod. Laud. 644,19. According to the 
Latin version, these tables were originally prepared 
for the daughter of Ptolemy, for the meridian of 
Antioch, and were based on the Egyptian calendar. 

In the Munich catalogue the name of the author is 
given (in Arabic characters) as Umatiyis, the original 
form of which is conjectured to be Eumathius. But 
this name occurs in no known astronomical context, 
and the deletion of a single dot from the letter ta 
converts it into a nan, and the word into the form 
given in the title, a natural transliteration of Am- 
monius. Moreover, it is known that the fifth century 
Ammonius of Alexandria computed a canon (CCAG, 
vol. II, p. 182), and the mention of a daughter may 
be a garbled reference to Hypatia, the daughter 
of Theon. 

Chapters III and IV of Millds Vallicrosa 2, con- 
sist of a critical edition of the text of the Munich 
manuscript plus a Spanish translation. The tables 
are transcribed from the Munich manuscript and from 
an old Spanish version (Ms. Arsenal 8.222), ““Canones 
de Humeniz.”’ 

This work is an almanac rather than a zij; never- 
theless its numerous tables would repay detailed 
analysis. Like az-Zarqdali’s zij (24) it includes both 
the standard tables of oblique ascensions and also (p. 
225) a table of “Differences of Ascensions . . .”” (cf. 
§6, C below). 


(Nallino, Batt., vol. I, p. xxxv, note 5.) 


X214. The Zij al-Arkand is a Sanscrit work which 
was early translated into Arabic, at or before the time 
of Ya‘qib ibn Tariq (71), and was widely used; 
Birtini (India, p. 206, transl., vol. II, p. 7; Rzsa’al 
II, p. 133, etc.) says it is from the Kandakatik Zi) 
(the Khandakhaddyaka, cf. X218) written by Braham- 
kibta (Brahmagupta). In Risa@’il, 11, p. 150 he gives 
a method of computing the length of daylight as a 
function of the season and the equinoctial shadow 
length of a gnomon, the method being from the 
Arkand. 

Sachau (Biriini, India, transl., vol. II, p. 339) ob- 
jects to the identification of arkand with Khanda- 
khadyaka and proposes Aryakhanda instead. 


X215. The Zij an-Nasrani (= Zij Kassawtth) is a 
translation of the tables of Abraham ben Semu’él 
Zacuto, c. 1490, the original being in Hebrew. 


(Vat.V., Ms. Vaticani arabi 963.) 


X216. Az-Zij li’n-Nairain (The Zij for the Two 
Luminaries) is cited by Biraini (Risa’il, 1, pp. 126, 165) 
as having been written by Aba Da’ad, Suleiman bin 
‘Isma. Birtini gives a numerical example of the 
method used in it for computing the solar equation. 
Since apparently it deals only with solar and lunar 
motions it is not included in the main list. 
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X217. The Karanatilaka Zij, a Sanscrit work, is 
referred to by Biriini (India, p. 300, transl., vol. II, 
pp. 206, 209, etc.). In the same work (transl., vol. I, 
p. 156) the author is given as Vijayanandin. In 
Birtini, Risa@il (Il, p. 136) he appears, in Arabic 
transliteration, as Bijayanand. 


X218. Az-Zij Kandakdatik al-‘Arabi (The Arabic 
Khandakhadyaka) is a work translated by Birani 
(India, p. 300, transl., vol. II, p. 208) for a native of 
Kashmir named Syavabala (?). Biriini complained 
of the poor quality of the previous translation, X214. 
An English translation of and commentary on the 
original Sanscrit has been published by P. C. Sengupta 
(University of Calcutta, 1934). 


X219. The Karanasara Zij is another Sanscrit work 
referred to by Biriini (e.g. India, p. 241, transl., vol. 
II, p. 79). He gives the author (transl., vol. I, p. 156) 
as VitteSvara, the son of Bhadatta (or Mihdatta?). 
In Arabic transliteration (R7sa’il, II, p. 136) it appears 
as Wittisfara. 


X220. The Zij-1 Jami‘ = Zij-i Intikhabi (#9) is 
apparently a compendium c. 1460 of the work of 
Mahmidshah Khulji, who wrote a commentary on 6. 
Extant as Bodl. Pers. Ms. 1522 (Greaves 6). 


It is appropriate to mention additionally a class of 
works consisting of books not themselves zijes, but 
which are about zijes. Some five of these are listed 
below. 


1. Ghurrat az-Zijat (Choice Parts of the Zijes) per- 
haps written by Abi Muhammad an-Na’ib al-Amuli, 
was used by Biraini (India, transl., vol. I, pp. xxxvi, 
vol. II, pp. 90, 388; Chron., p. 13). 

2. Al-Fikral-Wahij fi Hall Mushkilat az-Zij (Ardent 
Thoughts on the Solution of Difficulties with the Zij), 
by Muhammad abi Bakr al-Farisi, the author of 54. 
(Cf. Lee, p. 254; Suter, p. 139.) 

3. ‘Ilal az-Zijat (Difficulties of the Zijes) by ‘Ali bin 
Sulaiman al-Hashimi. A copy of this is Bod/. IJ, 1 
879,4 (Seld. A. 11). 

4. El libro de los fundamentos de las Tablas astrono- 
micas, by Abraham ibn ‘Ezra, listed in the bibli- 
ography under Milldés Vallicrosa. 

5. A Commentary on the zij of Khwarizmi (21) was 
written by Ahmad bin Muthanna ibn ‘Abd al-Karim. 
(See Millds Vallicrosa, pp. 51-52; Steinschneider, 
ZDMG, vol. 24, p. 353.) 


Of these, the present writer has examined only 3 
and 4. The former is the work of an individual whose 
technical background was very meager, whose inno- 
cence of mathematics is betrayed whenever he at- 
tempts to use it, and whose style is diffuse and 
rambling. Nevertheless it has been possible to glean 
from it several parameters which were used to confirm 
the same values obtained from other sources, and the 
narrative material helps to round out the general 
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picture of pre-Islamic and early Islamic astronomy. 
In this latter sense 3 is probably typical of the lot. 


4. CLASSIFICATION OF SUBJECT MATTER 


Having listed all reported zijes, we now set about 
an analysis in considerable detail of twelve of these 
complicated documents which in some cases run to 
over two hundred folios. Preparatory to this it is 
thought well to set up a standard outline of the topics 
common to most zijes. To make easier the compari- 
son of corresponding components in different sets of 
tables, the order of this master outline will be adhered 
to in all cases (except in §11), although it should be 
stated that in the actual manuscripts the order of sub- 
ject matter is standardized only partially or not at all. 
The outline will also be used for defining functions 
encountered in most zijes, and for the adoption of 
standard notations. 

In abstracting a zij main emphasis has been laid on 
the examination of the numerical tables, largely be- 
cause of. the pressure of time. While the theoretical 
and explanatory sections have by no means been 
neglected completely, it is to be expected that a great 
amount of new matter would be extracted by detailed 
study of these passages. 

As is the case with Babylonian and Greek astro- 
nomical works, the great bulk of the numerical ma- 
terial of all the zijes is displayed in sexagesimals, in a 
place-value system with base sixty and a zero symbol. 
In transcribing sexagesimals from the Arabic alpha- 
betical numerals we will make use of the notation 


Sa, 13; 3, G, 57, 
for example, to express the number 
32 X 60'+15 X60°+3 X 60-'!+0 K 60-*+-57 K 60-%. 


Readers interested in an exposition of one of the 
powerful and elegant sexagesimal algorisms developed 
by the Islamic mathematicians may consult Luckey, 
P., “Der Lehrbrief iiber den Kreisumfang.. .,”’ 
Berlin, 1953. 

We will also make use of a mixed system, widely 
applied in the zijes, in which the integer part of a 
number is represented decimally, the fractional part 
sexagesimally. Sexagesimal representation of the in- 
teger parts of numbers greater than sixty is rare, but 
sometimes observed. 

The superscript s will be used to denote zodiacal 
signs. The subscript s, however, will stand for sun, 
m for moon, n for ascending node. The superscripts 
h and d are for hours and days respectively. The 
word places in contexts indicating the precision of a 
computation will always indicate sexagesimal places. 
In the description of individual numerical tables it is 
to be assumed that columns of tabular differences are 
not present unless mention is made to the contrary. 

It has been found natural to adopt fifteen main 
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divisions of subject matter, each indicated by a 
capital letter. Appropriate subdivisions are used as 
needed. The outline follows: 


A. CHRONOLOGY 


All zijes begin with one or more chapters and sets 
of tables devoted to the definition of the various eras 
and calendars in use at the time and place of writing, 
to methods of converting dates from one calendar into 
another, and to the problem of determining the 
madkhal or initial week-day of a given year and month 
in a given calendar. 

The three most common calendars, and which are 
discussed in most zijes, are the Muslim (Hijra), the 
Seleucid, and the Yazdigerd (Persian). The latter, 
using the 365 day Egyptian year without intercalary 
days, is particularly convenient. Less commonly 
treated eras and calendars are the Jewish, Coptic (Era 
of Diocletian), Maliki (Seljuk), Soghdian, Hindu, and, 
in regions subject to Mongol rule or influence, the 
Chinese-Uighur. For descriptions of most of these 
calendars see Ginzel, vol. I. 

Lists of holidays for various religions are frequently 
given as well as royal canons of ruling and extinct 
dynasties. 

The Hindus and the pre-Islamic Arabs made use of 
twenty-eight prominent stars or groups of stars situ- 
ated near the ecliptic for keeping rough track of the 
lunar month. These /unar mansions (mandzil al- 
gamar) are tabulated in some zijes. For a full discus- 
sion of the topic see Nallino, pp. 175-194. 


B. TRIGONOMETRIC FUNCTIONS 


All zijes contain tables of pure mathematical func- 
tions having no essentially astronomical character. 
The most common of these are: 


The Sine (al-jaib) which had replaced the Ptolemaic 
chord function by the time of composition of the 
earliest Muslim zijes. The function tabulated in the 
zijes (abbreviated as Sin to distinguish it from the 
ordinary sin) differs from the modern sine function 
only to the extent that the fundamental circle used in 
the definition has a radius of sixty (1,0) instead of 


unity. The identity relating the two functions is 
therefore 

Sin 6 = 1,0 sin 6 
forall @. Ifacertain sin @ is expressed in sexagesimals 


the corresponding Sin @ is found by moving the sexa- 
gesimal point (;) of the former one place to the 
right. Thus 
sin 1° = 0; 1, 2, 49, 43, 11, 14, 44, 16, 19, 16, ---, 
and 
Sin 1° = 1; 2, 49, 43, 11, 14, 44, 16, 19, 16, --- 


correct to ten places. For an exposition of the in- 
genious and powerful algorism by which this extra- 
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ordinarily precise determination was obtained see 
Aaboe, A., ‘‘Al-Kashi’s Iteration Method for the De- 
termination of Sin 1°,” Scripta Mathematica, vol. 20 
(1954), pp. 24-29. 

The Tangent (az-zill, literally the shadow, or az-zill 
al-awwal, or az-zill al-ma‘kis, or az-zill al-mankiis) is 
defined analogously 


Tan 6 = 1,0 tan @. 
The same names were also used for the function 
k tan 6 


where, depending on the table, & was variously taken 
as 63, 7, or 12. 

Analogous definitions and tables of the cotangent 
(azg-zill ath-thani, the second shadow; az-zill al-mabsit, 
the (horizontally) extended shadow, etc.) were used. 
That these functions had as origin the lengths of 
shadows cast on a horizontal or vertical plane by a 
gnomon of length k is clear from the nomenclature. 

The versed sine (abbreviated Vers; sahm, sagitta, 
i.e., arrow) defined as 


Vers 6 = 1,0 — Cos @ = 1,0 — Sin (90° — @) 
was occasionally tabulated. 


The secant function (qutr az-zill, the shadow's hy- 
potenuse) was rarely tabulated. 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


lor the solution of problems in spherical astronomy, 
transformations of coordinates, time-measurement, 
and so on, it is useful to have, in addition to tabulated 
trigonometric functions, tables of functions which are 
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astronomical in the sense that astronomical param- 
eters are embedded in them. Those which are 
standard to the zijes are defined herewith: 


1. The first declination (6, al-mail al-awwal), or 
simply the declination (6, al-mail) of an arbitrary point 
P (fig. 1), on the ecliptic, having celestial longitude 
(tal) X is the distance from P to the celestial equator. 
Clearly, 6 depends not only on X, but also on the value 
adopted for e, the obliquity of the ecliptic (ghdyat al- 
mail, al-mail al-a‘zam, Persian: mazil-i kulli). 

2. The second declination (62, al-mail ath-thani) of P 
is the great circle arc indicated as such on figure 1, 
issuing from P as before, but now perpendicular to 
the ecliptic. 

3. The ascensions or rising times (matali al-buriij) 
are conveniently defined by use of figure 2. For an 
observer whose station has a (terrestrial) latitude 
(‘ard) of g and for an arbitrary point P of the ecliptic, 
having (celestial) longitude \, consider the instant 
when P is on the local eastern horizon, i.e., the instant 
when it is rising. Then A,(A) is the distance from 
the vernal equinoctial point (T°) to the simultaneously 
rising equatorial point Q. 


For the important special case where ¢g = 0°, i.e. 
when the observer is on the terrestrial equator, the 
risings are said to be in the right sphere (al-falak al- 
mustagim, sphera recta). The usage has survived in 
modern astronomy as right ascension, for which the 
standard symbol is a. 

For a discussion of the properties of the rising times 
and some of their manifold applications, see O. 
Neugebauer, ‘On Some Astronomical Papyri . . .,” 
Trans. Amer. Philos. Soc., N.S., vol. 32 (1942), pp. 
251-263. The notion of rising times has played a 
fundamental role in the history of astronomy from 
Babylonian times on. 

In figure 2, P is the ascendant (at-tala‘, horoscope, 
Aw), a point of prime importance in astrology. 

Closely related to the A-functions, are the problems 
of length of daylight (D), maximum length of daylight 
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(max D), and the length of the unequal hours, (f). 
It is clear that D is a function both of ¢ and of the 
season of the year, max D increasing from twelve 
hours at the equator (¢ = 0°) to twenty-four at the 
arctic circles (g¢ = 90° — e), where the problem de- 
generates. The equation of daylight (AD = D — 12, 
ta‘dil an-nahar) is tabulated in various ways in a 
number of zijes. 

It was customary to divide the time from dawn to 
sunset (or sunset to dawn) into twelve equal parts, 
the unequal hours (as-sa‘at az-zamaniya, h = D/12), 
as distinguished from the egual hours (as-sa‘at al- 
mustawtya, or al-mu‘tadila). Many zijes have tables 
of h as a function of the season, for a convenient 
fixed g. 

A technical term defined in terms of the maximum 
length of daylight is that of a climate (iglim). In 
Islamic astronomy the first climate is that portion of 
the northern hemisphere in which 122 < max D < 13}. 
For the second climate the condition is 13} < max D 
< 133, and so on in bands of a half-hour’s advance 
in daylight length. For a detailed presentation, see 
Honigmann, E., ‘‘Die sieben Klimata . . .,’’ Heidel- 
berg, 1929, and the above mentioned paper by O. 
Neugebauer. 

D. EQUATION OF TIME 


The right ascension of the true sun is not a precise 
measure of the time which has elapsed since, say, the 
last vernal equinox, for it is subject to two irregu- 
larities. For one thing, the true sun does not move 
along the celestial equator, which measures right 
ascensions, but along the ecliptic, and a point moving 
with constant speed on the ecliptic has a projection on 
the equator which does not move with constant speed. 
And secondly, the true sun does not move with con- 
stant speed even in the ecliptic, but with a speed which 
is maximum at perigee and minimum at apogee. 
Thus the difference between mean and apparent solar 
time, the equation of time (ta‘dil al-ayadm bi laidlatha, 
E(\,)), is the resultant of two sinusoidal components, 
the one due to the obliquity of the ecliptic having a 
period of half a year; the one due to the eccentricity 
having an annual period. 

A table of E is standard for the zijes. 


E. MEAN MOTIONS 


Consider (in fig. 3) a fixed point O, the center of the 
earth, with a point D rotating about it, in the plane 
of the ecliptic and with constant speed. About D, 
the epicycle center, a planet P rotates, likewise with 
a constant speed but which is in general different from 
the first. The resulting configuration pictures the 
two fundamental mean motions associated with any 
planet. The angle \ made by the rotating radius OD 
and any fixed reference line through O is the planet’s 
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mean longitude (wasat). It is a linear function of 
time, i.e. 


d(t) — No + Nt, 


where X’ is a constant, the rate of change of X with 
respect to time, the mean angular velocity of the 
planet. In the same manner, a the planet’s mean 
anomaly (al-khdsat al-wustd) is also a linear function 
of time. 

Thus the constants Xo, A’, do, and a’ are four funda- 
mental parameters for any planet, and they are 
tabulated in all the zijes. 

In the Ptolemaic theory the large circle of figure 3, 
the deferent, is eccentric with respect to the center of 
the earth, and the point on the deferent at maximum 
distance from O is called the deferent apogee (auj, 
whence the medieval Latin aux), denoted in the 
sequel by the subscript ap. The longitude of the 
apogee likewise is a function of time which, in the 
Muslim theory, may or may not be taken as equal to 
the motion of precession, the slow westward sliding of 
the equinoxes along the ecliptic. There are cus- 
tomarily tables of these motions also. 

In the Ptolemaic lunar theory the double elongation 
(al-bu‘d al-muda'if, 2(\m — Xs)) is needed for comput- 
ing the true longitude, A,,, and some zijes have tables 
for it. The longitude of the ascending node (ra’s 
al-jauzahar, caput draconts, §4) is also needed for the 
determination of the lunar latitude and was cus- 
tomarily tabulated with the other mean motions. 

Planetary nodes are fixed with respect to the 
apogees, hence there is no need to tabulate their 
motion. 
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In most examples the tables of mean motion have 
been carried to two or three fractional places only. 
The basic parameters from which these were computed 
are, however, numbers involving many more sexa- 
gesimal places. These are of interest, not that they 
really imply the fantastic precision of physical meas- 
urement which is indicated by the number of digits, 
but the occurrence of two such parameters in different 
documents proves influence of one on the other beyond 
any reasonable doubt. Therefore, when the basic 
parameters appear in the zij, and have not previously 
been published, we insert them in the abstract. 
These parameters can also be ‘“‘squeezed”’ 7 out of the 
ordinary tables, but considerable routine computation 
is involved. 

F. PLANETARY EQUATIONS 


With the single exception of 21 (abstracted in §6 
below) all twelve zijes adopt Ptolemy’s planetary 
model together with the corresponding numerical pro- 
cedures for computing the corrections to be applied to 
the mean positions. It will therefore suffice to sketch 
it once for all here, noting in the individual abstracts 
only such variants of presentation as may have been 
observed. 

Since it has no epicycle, the sun exhibits only one 
inequality in its motion, that due to the eccentricity 
of its orbit, and this is computed and tabulated in a 
straightforward manner on the basis of the theory. 
The moon and the five planets, however, have their 
mean motion disturbed by two independent equations, 
one (the first equation, at-ta‘dil al-awwal, e,) due to the 
eccentric position of the epicycle-center on the def- 
erent, the other (the second, at-ta‘dil ath-thdni, e2) due 
to the position of the planet itself on the periphery of 
the epicycle. Instead of computing the composite 
equation directly on the basis of the theory and for 
independent variation of the two variables d and a, 
Ptolemy simplified the computation somewhat as fol- 
lows, and with negligible loss of precision. 

He computed a table giving e;(A) as the sum of 
corresponding elements in two adjoining columns and 
disregarding the epicycle completely. He also com- 
puted a table of e. for general values of a, but with 
the epicycle center at mean distance from the deferent 
center. With this are associated columns of correc- 
tions which, when added algebraically to the es just 


mentioned, yield values of e2 for general a but with 


the epicycle center at greatest (apogee) and least 
(perigee) distances. Finally, he tabulated also a 
non-linear interpolation scheme to give approximate 
modifications in é: due to general locations on the 
deferent. The true longitude of the planet is then 


A(A, a) = AX + e1(X) + e2(a, X). 


7 This expressive usage, as well as the technique it denotes, is 
due to O. Neugebauer. 
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G. PLANETARY LATITUDES 


The most spectacular aspect of the planetary mo- 
tions is their characteristic apparent looped paths 
among the fixed stars, the retrogradations recurring 
periodically, but never with precisely the same loops. 
It is a prime requirement of any planetary theory that 
it produce this phenomenon ; hence the model must be 
so set up that it pulls the planet north and south of 
the ecliptic, i.e. it must have a generally non-zero 
latitude. Moreover, to correspond with observation, 
maximum latitude should occur when the planet is 
nearest the earth, i.e. at or near epicycle perigee. 
Such a theory was worked out by Ptolemy, although 
his scheme was not the first attempt. 

Somewhat as is the case with F above, all zijes 
examined save 21 (§6) and 51 (§5) have taken over the 
Ptolemaic latitude theory intact, except for unessen- 
tial variants in presentation or parameters. (For a 
concise description, see Kennedy 2.) For the superior 
planets Ptolemy defined two latitude components, 8, 
and 8:2; for the inferior planets he added a third, 8;. 
All are produced by tilting of the deferent and epicycle 
with respect to the ecliptic plane, and the latitude of 
the planet is the algebraic sum of the components. 

Many of the Ptolemaic latitude parameters are 
noted in §17 below. 

For Ptolemy and for all the zijes observed the lunar 
latitude is given by the expression 


Bm = Max Bm Sin (Am — An) 


where X,, is the longitude of the ascending node. 

The Ptolemaic maximum is 5° and is used by most 
of the zijes. Other maxima will be noted in individual 
abstracts. 


H. PLANETARY STATIONS AND 
RETROGRADATIONS 

In generating the loops referred to in G above an 
instant arrives when the forward (eastward) motion 
of a planet ceases, i.e. \’ = 0. The planet is then said 
to be in first or retrograde station (al-magam al-awwal 
or ar-rij‘a). It then becomes retrograde (rdaji‘), and 
after a time again stops, at second or direct station 
(al-magam ath-thdni, or al-istigama) and resumes its 
direct motion. It is then said to be mugim. 

Ptolemy applies a theorem of Apollonius (A/magest, 
XII, 1) to compute the approximate location of the 
stations when the epicycle is at maximum, mean, and 
minimum distances from the center of the universe. 
By use of an interpolation scheme analogous to that 
applied for the planetary equations he then works out 
a table of positions of the stations in terms of the 
anomaly a for a set of positions of the epicycle inter- 
mediate between the apogee and perigee of the de- 
ferent. Most zijes likewise carry such tables, the 
entries being identical with or only slightly different 
from the Ptolemaic values. 
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I. PLANETARY SECTORS 


Three of the zijes abstracted (in §§13, 15, and 16) 
have tables of nitdgat (singular, nitdq), which we will 
call sectors. These are determined by four points 
each, either on the deferent or the epicycle. The 
first point is the apogee, the second a point between 
apogee and perigee and eastward from the former. 
The third point is at perigee, and the fourth eastward 
from the third. The precise location of the second and 
fourth points depends on whether the sector in ques- 
tion is reckoned according to distance (hasab al-bu‘d) 
or according to motion (hasab al-haraka). Roughly 
speaking, the second and fourth points are those at 
which the moving object, the planet or its epicycle 
center, is at mean distance from the center of the 
universe, in the case of the distance sectors. For the 
motion (or velocity) sectors the second and fourth points 
are those at which the object attains its mean angular 
velocity as viewed from the center of the universe. 

In all cases, the first sector is the region between 
the first and second points, the second sector is be- 
tween the second and third, and so on. There are 
thus four categories of sectors, being the combinations 
of epicycle or deferent, with distance or velocity. 

The foregoing sketch leaves out numerous special 
arrangements and inconsistencies in the actual compu- 
tations, as with the oval deferent of Mercury, for 
instance. The present writer hopes eventually to 
publish details in a critical edition of Princeton, Pers., 
Ms. (Garrett) 75 currently under preparation. 

The notion of sectors does not appear until the 
Islamic period, and only late zijes have tables of them. 
Ibn Hibintd, early in the period devotes considerable 
space to them in his astrological treatise, and Birani 
(Tafhim, p. 110), in his introduction to astrology, 
defines and tabulates them, whence it may be inferred 
that astrology motivated their introduction, for they 
have no immediate application in practical astronomy. 


J. PARALLAX 


When a celestial object is viewed from the earth’s 
surface its apparent position in the celestial sphere is 
slightly different from that computed on a strictly 
geocentric basis, as though the observer were at the 
center of the earth. The difference is known as 
parallax (ikhtilaf al-mangar), and it varies inversely 
with the distance of the object. Parallax is always 
zero in the zenith, reaching its maximum on the local 
horizon. The moon is sufficiently close to the earth 
to make the problem of determining its parallax of 
practical importance for the computation of solar 
eclipses. 

The Almagest (V, 18) contains tables of solar and 
lunar parallax in the altitude circle. These are repro- 
duced in some zijes. The difference between lunar 
and solar parallax at a given conjunction is called the 
adjusted lunar parallax (in Persian ikhtilaf-i mangar-1 
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mu‘addal-i gamar). The Handy Tables of Theon have 
a set of tables of the latter, broken up into its latitude 
and longitude components (Ps and P,). There is one 
table for each climate, and for each table there are two 
arguments: (1) integer hours of the conjunction’s 
occurrence before or after the local meridian, and (2) 
initial points of the zodiacal signs, locating the con- 
junctions in the ecliptic. 

Most of the zijes reproduce these Theon tables 
without change, although some later ones display 
tables of the same type computed for other geo- 
graphical latitudes. 

In the sequel the symbol h is used for altitude, 
zenith distance then being 90°—A. 


K. ECLIPSE TABLES 


While the contents of these sections are by no means 
standard as between different zijes, it is possible to list 
the types of tables frequently occurring. They are: 


Tables of X,’(As) and Am’ (dm), solar and lunar rates 
(at syzygies) as functions of the mean solar distance 
from apogee and the lunar anomaly respectively. 

Tables of 7,, 7m, and 7», apparent solar, lunar, and 
shadow radii respectively, as functions of \, and a, or 
of the X's. 

Eclipse magnitudes are measured in digits (asabi'‘, 
singular asba‘) defined as follows: Consider the line of 
centers of the luminous and eclipsing disks. The 
segment of this line which is common to both disks 
measured in twelfths of the luminous disk’s diameter is 
the magnitude of the eclipse. Thus a total eclipse 
has a magnitude of twelve digits. Areal digits (asabi‘ 
al-jirm) are analogously defined, but the eclipsed area 
is measured in twelfths of the whole (lunar or solar) 
luminous area. The Almagest table for converting 
between diametral and areal digits is frequently 
reproduced. 

Tables of mean conjunctions and oppositions are 
usually in terms of the Hijra calendar, since it is lunar. 
Functions tabulated are ¢, the time of day of the mean 
conjunctions or opposition in question, @», A, and Naps 
at the same time. 

There are usually tables of lunar eclipses and of 
solar eclipses, of one of two types. One arrangement 
is to set up a table with the moon assumed at epicyclic 
apogee, another with the moon at epicyclic perigee, 
and an interpolation arrangement to take care of 
intermediate values of the anomaly. Eclipse magni- 
tude and immersion time are tabulated against a 
range of By». 

The alternative is to use a two-argument table in 
which magnitude and duration are tabulated as func- 
tions of B,, and A,’. 

The inclination (inhiraf) of an eclipse is the angle 
between the ecliptic and the line joining the centers 
of the lunar and shadow (or solar) disks, at the in- 
stant of first contact. If the eclipse is total, the same 
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angle may be computed for internal tangency of the 
two disks. 
L. VISIBILITY TABLES 

The very difficult problem of predicting the date of 
first visibility of the lunar crescent as well as the ap- 
paritions and disappearances of the planets was of 
central importance in motivating Babylonian astron- 
omy. In the Almagest, however, visibility conditions 
receive very little consideration. The very last tables 
of the work give sets of limiting planetary elongations 
which when exceeded insure visibility of the planet 
in question. These values, quite properly, follow as 
corollaries of the general planetary theory. 

The Almagest table is for the latitude of Babylon 
only. There is an entry each for morning risings and 
evening settings of the superior planets; for the in- 
ferior planets there are additional columns for evening 
risings and morning settings, all the above tabulated 
for each zodiacal sign, to two places. The Almagest 
has no material at all on first visibility of the lunar 
crescent. 

The rise of Islam saw a recrudescence of interest in 
visibility problems, partly because the Hijra calendar 
is strictly lunar, and the fasting month of Ramadan, 
in particular, begins in a given locality only when 
the new crescent is actually seen by a competent 
authority.® 

As will be noted in the individual abstracts, many 
zijes contain extensive visibility tables, practically 
none of which have been touched by modern scholar- 
ship. The only published material on medieval visi- 
bility problems known to this writer is: Neugebauer, 
O., ‘‘The Astronomy of Maimonides and its Sources,” 
Hebrew Union College Annual, vol. XXII, pp. 322- 
363, and Nallino, Batt., vol. 1, pp. 266-272, vol. II, 
pp. 255-269. 


M. GEOGRAPHICAL TABLES 


Most zijes have extensive lists of cities and other 
geographical localities, together with their terrestrial 
latitudes and longitudes. 


N. STAR TABLES 

Practically all zijes have tables of positions of the 
fixed stars, usually reported in ecliptic coordinates 
sometimes in equatorial coordinates also. Star mag- 
nitudes are frequently given. 

It was customary to assign to each fixed star a 
quality or temperament (mizaj) resembling one of the 
planets. These are often indicated in the star tables 


with the terminal letter of the associated planet. 
(Cf. Bouché-Leclercq, p. 132; Tetrab., 1., 8.) 


O. ASTROLOGICAL TABLES 


It will be useful at this point to introduce a number 
of concepts which, while essentially astronomical in 


8 Biriini, Chron., p. 34. 
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character, were defined and applied for astrological 
purposes. For detailed information the reader is 
referred to Tetrab. and to Biriini, Tafhim. 

At any given instant the four centers (pivots cardines: 
Arabic al-autdd, singular al-watad) on the ecliptic are: 
the ascendant defined on p. 140 lower culmination 
(tmum coeli, Arabic ar-rdbi‘, the fourth, since it is the 
initial point of the fourth house defined below), the 
descendant or setting point (al-ghdrib or as-sabi', the 
seventh) opposite the ascendant, and upper culmina- 
tion (al-‘dshir, the tenth, or wasat as-samda’, but the 
latter term is ambiguous; see Kennedy, 1, §3. The 
unequal four arcs into which these points divide the 
ecliptic are each in their turn divided into three arcs, 
each of the resulting twelve being called a house (beit, 
pl. buyat) numbered from the ascendant opposite to 
the direction of the daily rotation. 

The arcs defining the houses are frequently found 
by trisecting the four major arcs. There are other 
methods of effecting the division, and in any case the 
process, called the equalization of the houses (taswiyat 
al-buyiut) is frequently tabulated in the zijes. 

It was a widely held view that any given planet 
exerted an influence on other planets in the half of the 
ecliptic following it, by casting back rays, missiles as 
it were, upon them. The determination of the precise 
point of impact, called the projection of the rays 
(matarih ash-shu‘a‘at), need not have been a compli- 
cated process. But, as was the case with the equaliza- 
tion of the houses, there were alternative methods of 
effecting the transformation of the ecliptic into itself 
which was involved, utilizing the local horizon, the 
celestial equator, and so on. 

The instant at which the sun crosses the vernal 
equinoctial point is called year-transfer (tahwil as-sina) 
and was considered to be of great significance. Even 
to the present in Iran the situation of the individual 
at the moment of transfer is supposed to affect his 
destiny through the coming year. In the same 
manner nativity-transfers (tahdwil sini al-mawalid) are 
the instants, in successive years, at which the sun 
enters the same point of the zodiac in which it stood 
when the individual was born. These two concepts 
evidently occupied a central position in the practising 
astrologer’s stock in trade, for the Fihrist notes no less 
than fourteen books with one of these two terms as 
titles as having been written in early Abbasid times. 

Closely allied to the above notions is that of the 
excess of revolution (fadl ad-daur, in medieval Latin 
revolutio anni), which may be defined as the time 
measured in degrees of the daily rotation (360° = 24") 
by which the solar year exceeds the Persian (i.e., 
Egyptian) year of 365 days. Several zijes have tables 
of this quantity, in some cases the year being the 
tropical, sometimes the sidereal. Given the excess for 
a year, multiplication by 1/6, 0 = 0; 0, 10 and addi- 
tion of the result to 6, 5 gives the corresponding solar 
year in days. 
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Astrological predictions regarding the length and 
vicissitudes of a given individual’s life were based on 
the association of a moving point on the ecliptic with 
the life in question. Each degree of the point’s mo- 
tion corresponds to a year of the person's life. The 
starting place, initial impetus, and eventual stoppage 
of the point (the aphesis, directio, Arabic tasyir) are 
governed by complicated considerations connected 
with the horoscope. Other indicators, moving at 
different rates, but all having to do with the nativities 
of persons, are the progressions (intiha’at), and firdaria 
(fardarat). 

The same type of indicators, progressing far more 
slowly (hence with vastly greater periods), were 
thought to hold sway over events in the world as a 
whole, as though the existence of the universe were 
likened to the life of a single person. (See Tetrab., 
III, 10; Birani, Tafhim, pp. 239, 255, 321-326; 
Nallino, Batt., vol. I, p. 325, vol. II, p. 339, 354; 
Encycl. of Islam, vol. IV, p. 694.) 

Several zijes (e.g., 14, 27, and 54) have tables of 
the motion of a celestial object called al-Kaid, de- 
scribed as one of the stars having a tail, evidently some 
variety of comet. CCAG V, 3 p. 147, 16 mentions 
these tables which concern the motion of ‘‘Katr7, a star 
considered maleficent by the Hindus.’’ A footnote 
on the same page says ‘‘Kaid . . . seems to be nothing 
but the descending lunar node’ (quoting Gilde- 
meister). Obviously it is assumed Kaid = Kétu which 
is the Sanscrit name for the descending node. This 
is disproved by the period of 144 years. Al-Khazini 
(27, f. 129) gives a rule for determining its position in 
the ecliptic. It is, in effect, 


360 


- oo (residue modulo 144 of (y + 54)) 


é 


where y is the Yazdigird year for which the position 
is desired and \ the position in degrees. Thus the 
motion has a period of 144 years, traversing a sign in 
twelve years, with epoch taken as fifty-four years 
before the Yazdigird era. Jbn Hibintd (f. 75) devotes 
a paragraph to al-Kaid following a general discussion 
of comets. 
P. MISCELLANEOUS 


In this category tables and topics are placed which 
fall naturally into none of the above. 


5. ABSTRACT OF 51, THE PURPORTED AZ-ZIJ 
AL-MUMTAHAN OF YAIYA IBN ABI 
MANSOUR, c. 810 


It should be stated again that material in this manu- 
script is to be assumed not a part of the original zij 
of Yahya unless there is reason for thinking otherwise. 
The introduction is probably genuine as well as the 
title on f. 3 ‘‘The First Chapter, On the Division of 
the Arabic Months.’’ From here on there are no 
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chapter headings as such; there are some self-contained 
risa’il, and a few tables specifically ascribed to Yahya. 


A. CHRONOLOGY 

There is material, not necessarily complete, on 
the Hijra, Seleucid, Yazdigird, Coptic, and Jewish 
calendars. 

B. TRIGONOMETRIC FUNCTIONS 
There are three-place tables of: 
Sin @, for @ = 0; 0°, G; 1°, 0; 2°, ---, 5;:0*, 
(This table is from Abi al-Wafa’ (73).) 
Sin @, for @= 0°,1°, 2°, ---, 90°, 


with tabular differences. (This one is from Kishyar 
(7).) | 
Tan 6, for @ = 0°,1°, 2°, ---, 89°. 
i2cot@, for @ = 1°, 2°, 3°, ---, 90°. 


C. SPHERICAL ASTRONOMY 


In this category are tables of 6(@), to seconds of arc, 
for each integer degree of 6, and for e = 23; 33°. 

A,(A) to minutes of arc, for each integer degree of X, 
for: 


g = 0°, with tabular differences, 

yg = 0°, without tabular differences, 

¢ = 36; 0° (the latitude of Raqqa, where the ob- 
servations of al-Battani (55) were made) 

yg of Baghdad, 

g of Mosul. 


There are tables, computed to minutes of arc for 
each integer degree of the argument, for 


D(a,) for ¢ = 36;0°, 


and 
h(\s), for yg = 36; 0° and for the latitude of Mosul. 


There is a table, computed to minutes of arc, for 
each integer degree of the argument, of 


maxh,(d;), for g = 36°. 
Two tables, ascribed to Abi al-Wafa’ (73), display 
n-Sine and n-Cose, for mn = 1,2, 3, ---, 60. 


A function widely used in Islamic astronomy, but 
rarely tabulated, is h., the latitude of the visible cli- 
mate (‘ard iglim li’r-rii’ya, see Kennedy, 1, §3). For 
a given time and a given terrestrial location, it is the 
complement of the angle the ecliptic makes with the 
local horizon. This zij hasa table of h,(Az), to seconds 
of arc for each integer degree of the argument, for 
g= 33; 21° (Baghdad). 


D. EQUATION OF TIME 
There is a table, computed to seconds, of E(A,), for 
each integer degree of the argument. 
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E. MEAN MOTIONS 


These tables are all to three fractional places and 
locate all of the means mentioned in the outline at the 
beginnings of Yazdigird years 0, 20, 40, ---,600. The 


motion of each of the means is given for 1, 2, 3, ---, 20 
‘“‘Persian’”’ years (i.e. years of 365 days), for 1, 2, 
3, ---,12 Persian (i.e. 30-day) months, for 1, 2, 
3, -++,29 days, and for hours and minutes. The 


base values, from which the Mumtahan tables were 
computed, are given by Ibn Yinis (14, Caussin, pp. 
230-237). The solar motion at least, of this copy, is 
that given for the Mumtahan. 

Precessional motion is tabulated to three fractional 
places for Hijra years 1, 2,3, ---, 30,31, 61,91, ---,631. 
The parameter is 0; 0, 54, 44, 20° per Hijra year, the 
same as that of 16, as nearly as can be seen from this 
approximate determination. 


F, PLANETARY EQUATIONS 


These tables are of the standard form, computed for 
each degree of all arguments. e, is given to seconds 
of arc, the equations of the moon and planets to 
minutes. The title of the table giving the equations 
of Mars has the phrase “‘. . . the Observation of . 
Ibn al-A‘lam.’’ To this has been added, in a different 
hand, and above the line, ‘‘and of Yahya bin abi 
Mansir.”’ 

G. PLANETARY LATITUDES 


This zij has tables and explanation for an extra- 
ordinarily primitive planetary latitude theory. In all 
cases the latitude is given by an expression of the form 


B(X) = max B-sin (X), 


where here X is the planet’s longitude, measured from 
the ascending node. For the superior planets, how- 
ever, different max 8 are taken depending on whether 
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the latitude is north or south. Except for an un- 
important variant, the same maxima are given by 
Ibn Hibinta among other sets of parameters he 
ascribes either to the Shah Zij (30) or to the Sindhind 
(28). The maximum latitudes, however, are not 
specifically assigned to either. These parameters are 
displayed in §17 which also discusses the possibilities 
as to the origins of the theory. 

For this zij max 8,, is 4; 30° as with 21 (§6, G below). 

There is a table of the longitudes of the planetary 
nodes, the values of which in general coincide with 
those of Khwarizmi (21) and az-Zarq@li (24). 


H. STATIONS AND RETROGRADATIONS 


There is a table of stations computed to minutes of 
are for each degree of the epicycle center’s distance 
from deferent apogee. 


I. SECTORS 
None. 
J. PARALLAX 


This zij has the same table of Pgs found in 
Khwarizmi’s zij (21, §6, J), which see, but with no 
accompanying explanatory text, and with the title, 
“A Table of Lunar Latitude Difference for Visibility.” 


K. ECLIPSE THEORY 

There is a table of solar eclipses with two arguments: 
eclipse magnitude = 0; 15, 0; 30, 0; 45, 1; 20, 1; 40, 
-++, 12; 20 digits and the corresponding 8 to seconds, 
and X,,’ = 0;27, 30°, 0; 28, 30°, 0; 29, 30°- - -, 0; 33, 30° 
per hour. 

The entries then give the time of immersion to 
minutes. 

There is a ‘“Table of Azimuth (? samt) for Knowl- 
edge of the Solar Eclipse,’’ computed to minutes of 
arc for each degree of the ecliptic. Its graph is 
sketched as figure 4, and has the appearance of a sine 
wave pinched in horizontally at one half and widened 
correspondingly in the other. The application of this 
table is unknown to the present writer. 


L. VISIBILITY THEORY 
The only visibility material, except perhaps the 
table noted in J above, is a lunar ripeness table re- 
sembling, but not identical with, that of Khwarizmi 
described in §6,L below. It gives two-place entries 
for each sign. 
M. GEOGRAPHY 
None. 
N. STAR TABLES 
The positions of twenty-four stars are given, both 
in ecliptic (A, 8) and equatorial (a, 6) coordinates, to 
minutes. These are stated to have been obtained by 
observations made in 214 A.H. (A.D. 829/830) at 
Damascus and at the Shamisi observatory in Baghdad. 
The coordinates are the same as those given in 16 and 
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evidently are from the original Mumtahan Zij. The 
table is excerpted in §17 below. 

There is another table, for eighteen stars only, for 
the year 380 (~a.p. 1012) of Yazdigird. Presumably 
it has been computed from the first, for the latitudes 
are the same and a precession correction has been 
added to the \’s._ For each star the equatorial coordi- 
nates also are given, as well as half the daylight arc, 
the sine of the daylight arc, the meridian altitude, the 
sine of the latter, the degree of the simultaneously 
rising point of the ecliptic and its ascension. 


O. ASTROLOGY 


There is a table of planetary periods and orbs, 
another of zodiacal indicators, and another giving the 





1. Masha’allah 93; 15, 0° 
2. at-Tabari 93; 9, 40 
3. Shah Zij 93; 15,0 
4. Ptolemy 88; 40, 0 
5. The Sindhind 93;0, 15 
6. Al-Hasan bin Sahl 93; 15,0 
7. Al-Khwarizmi 93; 2,0 
8. Zij al-Hazarat 93; 14, 0 
9. The Mumtahan 86; 35, 55 
10. Habash 86; 42,17 
11. An-Nairizi 86; 36, 0 
12. Al-Battani 86; 36, 0 


1, 3, and 6 above all have the same value. This 
parameter is mentioned by Hdshimi, who says it was 
used by the Persians and by Masha’allah. Birani 
(Chron., p. 121) says it was used by the Persians. 
Since Ibn Sahl is known to have been a Persian, and 
Masha’allah, though Jewish, was strongly under 
Persian influence, all the information is consistent, and 
this parameter can be accepted as well attested. 

The value of 2 is given by Hdshimi, but without 
attribution to an individual. 

The statement of 4 is incorrect. Ptolemy’s tropical 
year is in fact 6, 5; 14, 48¢, to which corresponds an 
excess of revolution of 88; 48°. 

The value for 5 does not yield an attested Hindu 
length of year. If the excess of revolution is restored 
as 93;[2],15° the corresponding year becomes 
6, 5; 15, 30, [2 ]2, 30, which is that of the Brahmasid- 
dhanta, the Siddhanta-Siromari (Nallino, Batt., vol. 1, 
p. 206), and the Arabic Sindhind (28) according to 
Suter (Khwar., p. 103), and Hashimi. 

In Suter, Khwar. three lengths of year are to be 
found, 6, 5;15, 32, 30 (p. 42), 6,5; 15, 32, 35 (p. 65), 
and 6, 5; 15, 30, 22, 30 (p. 230). None of these is the 
same as that implied by our text in 7 above. 

The entries for 8, 9, and 10 have not been seen else- 
where by this writer. Moreover, in the case of 9, it 
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triplicities, terms, decans, and exaltations for each 
sign. 

A table of the excess of revolution is given, computed 
to seconds, for 1, 2, 3, ---, 10, 20, 30, ---,90 years. 
For one year it is 1, 26; 43, 39°, to which corresponds 
a tropical year of 6, 5; 14, 27, 16, 30¢. Both values 
are independently attested from 15 (§7,O) as being 
the results of the Mumtahan observations at the 
Shamasi Observatory in Baghdad. Hence this is a 
secure (rounded off) value for the Mumtahan tropical 
year, or at least for the results of one observation. 

On f. 8 appears a set of values of the excess of revo- 
lution as used by various astronomers. These are 
transcribed below, followed by the length of (sidereal 
or tropical) year implicit in each. 


Zij Suter 
Serial No. No. 
6, 5; 15, 32, 304 8 
6, 5; 15, 33, 36, 40 65 
6, 5; 15, 32, 30 30 
6, 5; 14, 46, 40 
6, 5; 15, 30, 2, 30 28 
6, 5: 15, 32, 3 27 
6,5; 15, 30, 20 21 
6, 5: 15, 32, 20 63 
6, 5; 14, 25, 59, 10 51 
6,5; 14, 27, 2, 50 15 
6, 5; 14, 26 46 
6, 5; 14, 26 55 


conflicts with the attested value above, from the same 
manuscript. 

The common entry for 11 and 12 is indeed the 
tropical year adopted by al-Battani (Nallino, Batt., 
vol. I, p. 42). According to Milldés Vallicrosa (p. 76), 
it was commonly used by other Arab astronomers, 
including Thabit bin Qurra (93). Ibn Yiinis (Caussin, 
p. 74) says that an-Nairizi used the value 86; 35, 12°, 
whereas had he computed it from his own (Nairizi’s) 
length of year it would have been 86; 43, 13, 18°. 
Neither is the value given in 11 above. 


P. MISCELLANEOUS 


There appears in two different places (ff. 10 and 70) 
a table with the strange title of the solar latitude 
(‘ard ash-shams) having approximately the form 
0;48, 32 sin @. An application of this table is de- 
scribed in Kennedy, 1, §9. 

There is a table of the function 24 d/X’ for 


d= 1’,2',3), -++,@, 
\’ = 57’, 58’, 59’, ---, 62’ per day, 


computed to four places. For the application of such 


a table, see §13, P below. 
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6. ABSTRACT OF 21, THE ZIJ OF 
AL-KHWARIZMI1, c. 840 


(Page references are to the publication, Khwar.) 


A. CHRONOLOGY 
This zij has material on the Hijra, Seleucid and 
Yazdigird calendars (pp. 109-114). 


B. TRIGONOMETRIC FUNCTIONS 
There are tables (pp. 169-170, 174) of Sin @, to 
three places, for @ = 0°, 1°, 2°, ---, 360°, and 12 cot @, 
to one fractional place, for @ = 0°, 1°, 2°, ---, 90°. 


C. SPHERICAL ASTRONOMY 


There are also tables of 6(@), to seconds of arc, for 
each integral degree of 0, fore = 23; 51° (pp. 132-137). 

Ay(A) + 90° to seconds of arc for each integer degree 
of X, i.e. for sphera recta only (pp. 171-173). Birini 
(in Risa@’il, I1, p. 129) states that this zij contains a 
table called ‘‘Differences of Ascensions for the Earth,” 
an arrangement for modifying right ascensions in 
order to obtain oblique ascensions. This table has 
not survived in the published version. However, a 
table of the same type exists in a Latin manuscript 
of the fifteenth century. It has been published by 
Neugebauer and Schmidt in “Hindu Astronomy at 
Newminster in 1428,’’ Annals of Science, vol. 8, 1952, 
pp. 221-228. 

D. EQUATION OF TIME 


There is a table (pp. 181-182) of E(A,), computed 
to two places, for each integer degree of the argument. 


E. MEAN MOTIONS 


These tables (pp. 115-131) are all computed to 
seconds of arc. Positions of Xs, Am, @m, and d, are 
given for Hijra years 0, 30, 60, ---, 720, (since a 30- 
year cycle is involved). The mean motions are 
given for 1, 2, 3, ---, 30 Hijra years; 1, 2, 3, ---, 12 
Hijra months; 1, 2,3,---,29 days; 1, 2,3, ---, 24 
hours, and 2,4, 6, ---,60 minutes. For the three 
superior planets, \ and }’ are tabulated, the arguments 
being as above except that the range of years extends 
to 570 A.H. only. For the inferior planets, a and a’ 
are shown, for the same domain of the arguments as 
for the superior planets except that the range of days 
is 1, 5, 10, 15, 20, 25, 30, 60, and that of hours is 
1, 3, 6, 12, and there are no columns for minutes. 

According to Jbn al-Qifti (p. 326) al-Majriti con- 
verted the mean motion tables to the Hijra epoch, the 
zij in its original form having used the epoch of 
Yazdigird. 

F. PLANETARY EQUATIONS 

The structure of these tables (pp. 132-167), hence 
the underlying theory, differs so markedly from that 
of the Almagest that it is thought worth while to 
describe it in some detail. 


[TRANS. AMER. PHIL. SOC. 


As usual, there is but one equation for the sun. But 
whereas all other zijes here abstracted tabulate a solar 
equation computed directly on the basis of an ec- 
centric circular orbit, Khwarizmi’s solar equation, 
tabulated to seconds for each degree of the argument 
(pp. 132-137), is symmetrical about an ordinate 
through 90° and is very close to 2; 14° sin @. Thus 
the true longitude of the sun is (very nearly) given by 
the expression 


A.(As) = 2; 14° sin (A, — Naps). 


This is an example of a type of trigonometric inter- 
polation commonly used by the medieval Hindus, but 
which is found already in the Almagest (XIII, 4) in 
Ptolemy’s planetary latitude theory. 

The case of the moon is of even more interest, for 
it is well known that pre-Ptolemaic lunar theory em- 
ployed only one equation, and so does Khwarizmi. 
The single table of the lunar equation has precisely 
the character of that for the sun, but a different 
maximum. It is approximately 4; 56° sin 6. 

The tables for the planetary equations (pp. 138-167) 
are computed for each degree of the arguments, to 
minutes of arc. The equation of the center, @, 
has in every case the now familiar sinusoidal form 
max €; sin 8 appearing as the fourth column of the 
table. (The parameters are shown in §17 below with 
the corresponding Ptolemaic ones.) The equation of 
the anomaly, e2(a), is computed on the basis of an 
epicyclic anomaly with no deferent eccentricity as 
indicated in figure 3. This is the third column of the 
table. But the inventor of the theory apparently 
realized that the two equations are not independent; 
to make one affect the other he forced the planet’s 
(deferent) apogee to oscillate with the period of the 
anomaly and an amplitude half that of the anomalistic 
equation. To that end, the second column of the 
table is 

Nap — €2(a)/2 


This variable apogee is evidently used in the argu- 
ment for the first equation. Thus the true equation 
of the planet is given by the expression 


A(A, a2) = AX +e1(A, a) + €2 (a4) 
€2(a) 
2 





= } + max e; sin (5, — Nap + ) + e2(a;). 
where a; = a — e;(X, a). 

From the critical remarks of Biraini (in Risa’il, I, 
pp. 131, 174) it is clear that the method of trigo- 
nometric interpolation was that actually used by 
Khwarizmi in the zij in its original form. 


G. PLANETARY LATITUDES 


Although the physical model underlying the plane- 
tary latitude tables of this zij (pp. 132-167) can only 
be conjectured, it is clear that it also was radically 
different from that of Ptolemy. 
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Two functions are tabulated for each planet, the 
first to minutes, the second to seconds of arc, both for 
each integer degree of the arguments. The first, 
L,(@), is symmetrical about the ordinate through 
¢= 180°. It has a maximum at 0°, falling off 
slightly to a minimum at 180°, and has horizontal 
tangents at both these points. 

The second is 


L.(6) = max Lz sin @. 


Basic parameters of L; and Ly for all the planets are 
displayed in §17 below. 

At any given instant the latitude of the planet is 
defined as 
L2(X) 
Li(a)’ 





B(A, a) = 


where X is the argument of the latitude, the mean 
longitude measured from the ascending node. 

Figure 4a shows a conjectured reconstruction of the 
model. A non-eccentric deferent of radius R makes 
a fixed angle of max L» with the ecliptic plane as 
shown. The epicycle center moves along the deferent, 
but the epicycle plane remains continually parallel to 
the ecliptic plane. The planet is at P and for the 
general situation its latitude is the angle PDP’. In 
the case of the outer planets, and for properly chosen 
parameters, this model is in fact a first approximation 
to the actual situation in space. For the epicycle, 
maintaining itself in a plane parallel to the ecliptic, 
corresponds to the earth’s orbit around the sun. And 
the tilted deferent corresponds to the planet’s orbit, 
larger than the terrestrial one. 

But for the inner planets the model is fundamentally 
wrong. For then the deferent corresponds to the 
earth’s orbit and should stay in the ecliptic plane, 
while the epicycle, being now the planetary orbit, 
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should displace itself around the deferent, making a 
slight angle with it. An approximation to this re- 
sult is achieved in fact by the Ptolemaic latitude 
components. 

Returning, however, to the Khwarizmi model, as- 
sume a special position of the epicycle, at its maximum 
distance from the ecliptic (A = 90°), and for such a 
position define the function max B(a) as shown in the 
figure, the single variable being the anomaly a. 
Then, since 

¢ c 

tan (max Le) = R? and_ tan (max @(a)) = oak , 
R tan (max Le) = p(a) tan (max B(a)), 


and 
R 
max B(a) = nax Ls(—* ). 
ix B(¢ max shal 


Now use trigonometric interpolation to define a 
latitude function for general values of X putting 


B(X, a) = max L» (=. ) sin X. 
p(a) 


Moreover, if we put 


p(a)/R = Li(a), and max Lesin i = L,(X), 


then the L-functions have the character of those 
tabulated in the zij. 

It is possible to apply a numerical test to see how 
well the conjectured model fits the tables. For if 
(fig. 3) the epicycle radius of a certain planet is 7%, 
then from the expression r, = Sin (max é2), the epi- 
cycle radii can be computed from the tables of es. 
And if the model is valid we should have, for all 
planets, 

1,0+ 7. 
10-—Fr. 


max L, 


min Ly 


CT cist << 
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The table below displays the results of such a 
computation for the Khwarizmi Zij. 





1,0+-,, max L, 

Ye 1,0-~-,, min L, 

b 6;0 x43 1; 20 
4 11;20 is 27 1; 41 
o 39;0 4;45 5;0 
Q 44;0 6; 31 6; 36 
8 22;0 2;9 2; 11 


It will be observed that the correlation is excellent 
for the inferior planets, deteriorating for the other 
planets. A conclusion is that the reconstruction is 
only partially successful. 

For this zij, as with 51 (§5, G), max B,, = 4; 30°. 


H. STATIONS AND RETROGRADATIONS 
As in §5, H (pp. 138-167). 


I. SECTORS 
None. 


J. PARALLAX THEORY 


Parallax components are given by tables (pp. 191-— 
192), computed to two fractional places for each 
integer degree of the arguments, of the functions 


P; = 0;48,45° sinh, and Py = 1; 36sin 0(t), 


expressed in hours, where @ satisfies the relation 
6(t) = t+ 24sin A(t). See §5, C for a definition of h,. 
The argument ¢ is the length of the projection on the 
equator of the ecliptic segment whose end points are: 
(1) the foot of the perpendicular dropped from the 
zenith to the ecliptic and (2) the position of the con- 
junction on the ecliptic. 

The Pg table gives results which are quite accurate, 
the underlying theory and parameters being the same 
as those of the method explained in the (Hindu) 
Strya-Siddhdanta. 

Results yielded by the P, table are much less 
accurate. Although probably Hindu in origin they 
cannot be identified with any available theory. 


See §8, J and §14, J below, and Kennedy, 1. 
K. ECLIPSE THEORY 
There is a table (pp. 175-180) giving 


,’(As) and Am’ (Gm) in minutes of are per hour, and 
r,(A;) and rm(dm) in degrees, 


all computed to two places for each integer degree of 
the arguments. Birdni (in India, transl., vol. IT, 


p. 79) says that in this zij Khwarizmi used the method 
of the Karanasara (X219) and the Khandakhadyaka 
(X214) for determining 7, and rp. 

There are tables (pp. 183-186) of mean conjunc- 
tions and oppositions giving, for Hijra years 1, 31, 
61, ---,511, and changes for 1, 2,3, ---,30 Hijra 


years and each lunar month, 


t, A, Am, and (Am — An), 


for the mean conjunction or opposition in question. 

There are two tables of lunar eclipses (pp. 187-190), 
one for greatest lunar distance, the other for least. 
The argument runs at intervals of half a degree 
through the range 


180° — 10; 50° <|A, — Ax| < 180° + 10; 50°, 


for the moon at greatest distance, and through the 
range 


180° — 13;17° <]Am — An] < 180° + 13; 17°, 


for the moon at least distance. 
For these arguments, the following quantities are 
tabulated: 


(1) Eclipse magnitude, in 
minutes, 

(2) Immersion time, to seconds, 

(3) Duration of totality, where applicable, to seconds. 


digits computed to 


An interpolation scheme for intermediate lunar dis- 
tances is also given. 

In like fashion there are two solar eclipse tables 
(p. 193) laid out as above, except that there is no 
column for duration of totality, and the limits are 
Am—An| < 6; 37° and |An—An| < 7; 11° respectively. 

The Almagest table for converting between dia- 
metral and areal eclipse digits is also given. 


L. VISIBILITY PROBLEMS 


The only visibility material in this zij is a lunar 
ripeness table (p. 168) displaying a function f(An), 
computed to two places at ten degree intervals around 
the ecliptic. Its graph is sketched in figure 5. The 
method of computation of this function was unknown 
to the editor of the zij and is unknown to the present 
writer. It is applied as follows. The evening of first 
visibility of the lunar crescent each month will be 
the first evening for which the relation 


Am a As + Bis ae fm) 
is satisfied. 
M. GEOGRAPHY 


This zij has no geographical section, probably be- 
cause Khwarizmi composed a separate treatise of this 
nature published by MZik, H. as ‘Das Kitab Sarat 
al-Ard des abi Ga‘far Muh. ibn Misa al-Huwarizmi,” 
Leipzig, 1926. 

N. STAR TABLE 


There is no star table. 


O. ASTROLOGICAL TABLES 


There is a table (pp. 194-205) of Equalization of the 
Houses, which, for a horoscope in each degree around 
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the ecliptic, gives the initial points of each of the 
twelve astrological houses. 

There is also a very extensive table (pp. 206-229) 
of Projections of the Rays (Matdarth ash-Shu‘a‘at) giving 
not only the locations of the three main aspects 
(sextile, quartile, and trine) as projected back from 
each five degree interval around the ecliptic, but the 
projections of all sets of 30° intervals measured from 
the same five-degree intervals. This table takes by 
far more space in the zij than any other. It is not the 
work of Khwarizmi himself, but rather that of al- 
Majriti, from whose rescension the Latin translation 
was made. For one thing, the ¢ for which the table 
is computed is given in the zij as that of Cordova 
rather than Baghdad, Khwarizmi’s location. And for 
another thing Jbn Hibinta gives a table of projections 
of the rays which he specifically ascribes to Khwarizmi. 
This table is computed for several climates, but none 
of the entries coincide with corresponding ones in the 
zij, and the argument is for each thirty degrees rather 
than five. 

There is a table (p. 230) of the excess of revolution 
for use in computing nativity transfers, for 1, 2, 
3, +++, 10, 20, 30, ---, 100 years, the function being 
expressed both in days and hours (to minutes) and in 
degrees (to seconds). 

The excess for one year is 93; 2,15,0°. According 
to Hashimi, this is the value used in the Sindhind (28). 
To it corresponds a sidereal year of 6, 5; 15, 30, 22, 304, 
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which is a well-established Hindu parameter. (Cf. 
§5, O above.) 

The last table (p. 231) in the zij gives for each sign 
the domiciles, exaltations, decans, etc. 

A small table on page 115 gives, to seconds of arc, 
the position of the mean sun in the ecliptic at the 
instant when the true sun enters each of the signs. 


7. ABSTRACT OF 15, THE BERLIN COPY OF 
A ZIJ OF HABASH AL-HASIB, c. 850 


Again, the reader should bear in mind that this 
manuscript, like that of 51 (§5) above, cannot be 
taken as the unaltered work of its purported author. 


A. CHRONOLOGY 


Text and tables are present for the Hijra, Yazdigird, 
Seleucid era, the era of Philip, Coptic, and Roman 
(era of Augustus) calendars. 


B. TRIGONOMETRIC FUNCTIONS 


There are three-place tables, with entries for each 
integer degree of 0, of: 


Sin 8, 
Tan @, 
Cot 86, 
Vers 8, 
and Csc 0. 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 
There are also tables of: 
5(@), Sin 6(6), 


all computed to three places, for each integer degree 
of 6, putting e = 23; 35°. 

A,(X), to seconds of arc, for each integer degree of \; 
for ¢ = 0° (this table is ascribed to Thabit bin Qurra 
(93), and takes e = 23; 33°), and for g = 33; 25°, the 
latitude of Baghdad. 

h(\,) computed to seconds of arc, for each integer 
degree of the argument and for g = 36; 0°. 

The same Jadwal at-Taqgwim, but with columns 
transposed, as is described in §8, C below, is found also 
in this version. In addition, two more elaborate sets 
of ten functions each, of the same general character, 
are displayed here. These are carried to two or three 
fractional places for the range of argument 1°, 2°, 
3°, ---,90°. Such of the ten as are standard trigo- 
nometric functions are noted above. 


and Cos 6(@), 


D. EQUATION OF TIME 
There is no table of E(),). 


E. MEAN MOTIONS 


The mean motion tables are set up as with the 
Istanbul version, §8 below, except that the base year 
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is 511 A.H. running to 841 or 691, and tables are some- 
times carried to six or eight fractional places. The 
length of the tropical year is given as 6, 5; 14, 27, 16, 
36, 28, 18 days. 

Of the two following tables of apogees the first 
(f. 17) is specifically ascribed to the Mumtahan Zij 
(51), but is for 876 A.H. 


© 92; 24, 3,3, 5, 1,4, 2, 17, §, 
b 252; 34, 23, 8, 6, 11, 40, 1, 4, 0, 1 
2 182; 18, 23, 7, 30, 18, 1,0, 5, 8,6 
o 134; 14, 23, 5, 3,9, 3,8, 7, 20,7 

? 92; 24, 3, 1, 0, 20, 8, 6, 9, 40, 1 

8 213; 44, 3, 12, 3, 50, 0, 4, 12, 50, 3 


a° 


The second (f. 28) gives no indication as to the date 
for which it is computed or for its origin. It is 


© 79; 30, 23, 2, 43, 53° 
b 239; 41, 23, 2, 43, 53 
2 169; 23, 23, 2, 43, 53 
o 121; 24, 23, 2, 43, 53 
2° same as © 

@ 297:31, 23, 2,44.53 


Presumably the common fractional endings above 
are due to the addition of a common precessional 
constant to some other set of apogees. For instance, 
neglecting seconds and beyond, the difference between 
corresponding entries in the two tables above runs 
about 12;53°. This is precessional motion for about 
876 lunar years. ‘Thus the epoch of the second table 
can be conjectured to be 1 A. H. 

A table of apsidal motion (all apogees moving to- 
gether) for each Hijra vear, months, and days, to two 
and three fractional places, has the approximate rate 
of 0; 0, 0, 8, 58° per day. 


E. PLANETARY EQUATIONS 


These tables also are like the corresponding ones of 
the Istanbul version, except that the solar equation is 
carried to thirds of arc. 


G. PLANETARY LATITUDES 


The arrangement is the standard Ptolemaic one, 
except that 6B, is 4;46° as in §8,G below. This, ac- 
cording to al-Khazini (in 27) is the value determined 
by the Mumtahan (51) observations. 


H. STATIONS AND RETROGRADATIONS 


There is a table of stations, computed to minutes 
for each six degrees of the argument. 


I. PLANETARY SECTORS 
None. 
J. PARALLAX 


This zij reproduces the Almagest tables of solar and 
lunar parallax in the altitude circle. 
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There is a table (f. 153) called ‘‘Lunar Parallax for 
Visibility of the Crescent’’ consisting of three func- 
tions, crudely computed as though by linear interpola- 
tion in segments of irregular length. They are: 


(a) Some sort of interpolation scheme for variation 
due to lunar anomaly. 

(6) 0;6 sin @. 

(c) 23;35 sin @ (hence an approximate declination 
table). 


The method of application of these tables is un- 
known to the present writer, and they may properly 
belong in L below. 


K. ECLIPSE THEORY 


The eclipse tables are the same as those in §8, K 
below. 
L. VISIBILITY PROBLEMS 


For the latitude of Baghdad and for each of the 
seven climates there are planetary visibility tables of 
the same form as those in the Almagest, but with 
entries differing from them and also from the tables 
described in §12, L below. (Cf. Nallino, Batt., vol. 11, 
pp. 255-269.) 


M. GEOGRAPHICAL TABLES 
None. 
N. STAR TABLES 


There is a table of thirty stars giving for each (A, £) 
and (a, 6) for the year 304 (presumably A. H.). The 
latitudes are the same as those for corresponding stars 
of §5, N, whence it is to be inferred that these coordi- 
nates have been computed from the results of the 
Mumtahan observations. Also given are meridian 
altitude, the degree of the simultaneously rising point 
of the ecliptic, with its ascension, half the daylight 
arc of the star, and half its “‘diameter’’ (qufr, i.e., the 
radius of the small circle traced out by it in the course 
of the daily rotation, Cos 6. This is the ‘‘day-radius”’ 
of Hindu astronomy.) 


O. ASTROLOGICAL TABLES 


There is a table (f. 157) for computing the instant 
of nativity transfer based on the Hijra calendar, for 
1, 2, 3, ---, 30, 60,90 years and individual months. 
All entries are to three fractional places. The ex- 
cess of revolution on which the table is based is 
86; 43, 39, 37°, to which corresponds a tropical year 
of 6,5; 14, 27, 16, 36,10¢. Along the margin of the 
same folio are three more such parameters given, 
which with the associated tropical years are shown 
below: 

86; 41, 25, 14, 9° 6, 


86; 43, 09, 36, 47 6, 
86; 35, 13, 46 6 


; 14, 26, 54, 12, 21, 304 
; 14, 27, 16, 36, 7, 50 
; 14, 25, 52, 17, 40 


nun 


’ 
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The first is said to be the result of the observation 
at Damascus; the second that of the ShamAasi observa- 
tions in Baghdad; and the third the value of Yahya 
ibn Abi Mansi. Doubtless all are to be considered 
Mumtahan observations. Evidently the parameter 
used in the table above, as well as that of the table 
mentioned in §5, O, is a rounded-off number obtained 
from the Shamasi parameter. Yahya’s value rounds 
off to the very common 6, 5; 14, 26. It is also close 
to the 6, 5; 14, 25, 52, 20 implied by Biriini (Chron., 
transl., p. 141), and to the 6, 5; 14, 25, 52 attributed 
to Nairizi by Ibn Yiinis (Caussin, p. 74). 


P. MISCELLANEOUS 

There is a table (f. 150) of the apparent diameters 
of the seven planets, to two places, for each six de- 
grees of the anomaly, apparently from Hindu sources. 
(Cf. Stirya-Siddhdanta, p. 196.) 

There is an interpolation table for lunar and solar 
distances, computed to two places, for each two de- 
grees of the anomaly. 


8. ABSTRACT OF 16, THE ISTANBUL COPY 
OF A ZIJ OF HABASH AL-HASIB, c. 850 


Unlike 15 (§7) above, the general impression given 
by this manuscript is that it is much more homo- 
geneous than the other purported copies of early 
zijes. Exceptions to this are noted in the sequel. 


A. CHRONOLOGY 
Text and tables are present for the Hijra, Yazdigird, 
Seleucid, and Coptic calendars. The era of Nabo- 
nassar is mentioned. In addition there is a table of 
the lunar mansions, and a royal canon of the caliphs, 
down to al-Muti‘lillah al-Fadl ibn al-Mugqtadir (c. 
A.D. 950). 


B. TRIGONOMETRIC FUNCTIONS 
There are tables of: 


Sin 6, to four places, for 6 = 0; 0°, 0; 15°, 0; 30°, 
-, 90; 0°, 
Tan 6, to two fractional places, for @ = 0;0°, 
G: 30", 3:0" .. +++ Bee, 
Tan 6, to two fractional places, for @ = 0°, 1°, 
cas tee, 90°, 
and 24 tan @ to two fractional places, for 6 
PO, 


re 3 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 
There are also tables of: 


6(@), to seconds of arc, for each integer degree of 6, 
with e = 23; 35°. 

A,(d), for each integer degree of \, for ¢ = 0° and 
yg ~ 34° (neither the location nor the precise latitude 
is specified), also for each of the seven climates to 
minutes of arc. 
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There are tables giving, for each integer degree of 
the argument, /(A,) to seconds of arc for g ~ 34°, and 
to minutes of arc for each of the seven climates. 

There are two blocks of tables each called Jadwal 
at-Taqwim (Table (for) the True Position). They 
consist of four functions each, to be used in spherical 
astronomical computations, computed to two frac- 
tional places for arguments of 1°, 2°, 3°, ---, 90°. 
These two sets contain essentially the same functions, 
but with slightly different values. Probably they are 
the work of two computers using slightly different 
basic parameters. 

A short work of Abii Nasr Mansi (77) (Bankipore, 
vol. XII, p. 66, Ms. 2468, 8) is entitled ‘On the Proofs 
of the Operations of the ‘Table (for) the True Position’ 
in the Zij of Habash al-Hasib.’’ From this it is to be 
concluded that the table in question was part of the 
Habash Zij in its original form. The manuscript 
has been published as part of Risa’il Abi Nasr 
Manstr . . . , Hyderabad-Deccan, 1948. 


D. EQUATION OF TIME 


There is no table of E(),). 


E. MEAN MOTIONS 


These tables are, in general, computed to two frac- 
tional places, occasionally to three. Positions of },, 
Xm» @my An» and d of the superior planets, and a of the 
inferior are given for years 1, 31, 61, ---, 691 A.H. in 
the original hand (in some cases this is extended to 
991 a.H. by a later user). The motions of these same 
means in 1, 2, 3,---, 30 Hijra years; 1, 2, 3, ---, 29 
days; 1,2,3,---,24 hours; and 10, 20, 30, ---, 60 
minutes are also given. 

Precessional motion is given for each Hijra year, 
the (approximate) rate being 0; 0, 54, 44, 20° per 
Hijra vear. 


F. PLANETARY EQUATIONS 


The arrangement is standard. All tables are com- 
puted for each degree of the arguments, to seconds of 
arc in the case of e,, to minutes for all others. 


G. PLANETARY LATITUDES 


The tables of planetary latitudes are for each 6° 
of the arguments and carried to minutes of arc. 
However 

Bm = 4; 46° sin (Am — An), 


the table of which is computed for each degree of the 
argument, to seconds of arc. 


H. STATIONS AND RETROGRADATIONS 
As in §7, H. 


I. PLANETARY SECTORS 
None. 
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J. PARALLAX 


A table called simply ‘‘Parallax’’ gives 24 sin @ to 
two places. This, disregarding the sexagesimal point, 
yields values approximately half the corresponding 
entries in the Khwarizmi Pz, table (§6, J). The ac- 
companying text describes a method for computing 
parallax components, including a very neat recursion 
algorism for producing the Khwarizmi P,. From its 
resemblance to the methods of the Sarya-Siddhdanta it 
is taken to be of Hindu origin. 

This zij also contains the Almagest table of solar and 
lunar parallax in the altitude circle. 


K. ECLIPSE TABLES 


There is a table of \,’(A,) and Am’ (am) in degrees per 
hour for each degree of the argument; also in degrees 
per 0; 1 days for each four degrees of the arguments, 
all to thirds of arc. 

There is a table of the motion of },, \,, and the mean 
elongation, to seconds of arc, for 0;1, 0;2,0;3, ---, 
1;0 days. 

There are tables of mean conjunctions and opposi- 
tions. The argument runs through Hijra years 1, 31, 
61, ---, 871, and changes in the functions are given 
for 1,2, 3,---,30 Hijra years and for each lunar 
month. Functions tabulated are: 


\ of the mean conjunction or opposition, to three 
fractional places of degrees, 

t, to three fractional places of days, 

a, to minutes of arc, and 

X, to minutes of arc. 


A table of lunar eclipses is said, in the zij, to utilize 
the method of Ptolemy. For eclipse magnitudes of 
0,1, 2, ---, 21 digits and for the moon at greatest and 
least distances the table gives 8,, and times of immer- 
sion and (where applicable) totality, to two places. 
An interpolation scheme is set up for intervals of six 
degrees of dm. 

A table of solar eclipses is arranged as above, the 
argument proceeding to 12 digits only, and there is no 
column for time of totality. 

There is a table of eclipse inclination, of immersion 
and totality, tabulated for each digit to twenty-one, 
for both lunar and solar eclipses. 

In addition to these tables and the accompanying 
explanatory text, there is a long explanation of an 
alternative method of eclipse computation employing 
graphical and numerical methods largely without the 
use of tables. These sections are probably of Hindu 
origin and will be well worth detailed study. 


L. VISIBILITY TABLES 


The Almagest planetary visibility table is reproduced 
in this zij. 

There is in addition a set of tables giving, for each 
climate, each planet, and each zodiacal sign a value 


[TRANS. AMER. PHIL. soc. 


of the arc of visibility computed to minutes of arc. 
The entries are different from those of §12, L below. 


M. GEOGRAPHICAL POSITIONS 
None. 
N. STAR TABLES 


For twenty-four stars the coordinates (A, 8) and 
(a, 6) are given, to minutes of arc, these being the 
Mumtahan (51) observations of 214 a.H. 


O. ASTROLOGICAL TABLES 


This zij has two tables, differing from each other 
and from that of Khwarizmi (§6, O which see), giving, 
to seconds of arc, the position of the mean sun when 
the true sun enters each of the signs, and various 
decans. 


9. ABSTRACT OF 55, AZ-ZIJ AS-SABI’ 
OF AL-BATTANI, c. 900 


(Page references are to Nallino, Batt., vol. 11) 


A. CHRONOLOGY 


Full material (pp. 7-17) is given for only two 
calendars, that of the Hijra, and the Seleucid. Use is 
made of the Coptic (i.e., Egyptian) year, but only for 
planetary computations. Among the spurious tables 
at the end of the zij are tables (pp. 300-301) said to 
have been taken from tke zij of Maslama, presumably 
al-Majriti, the editor of 21. The tables are of stand- 
ard type, of initial week days of months and years of 
the Hijra and Yazdigird calendars. Since tables 
closely resembling these appear in 21 (p. 110), we do 
not regard this as sufficient evidence for crediting 
Maslama with an independent zij. 

An extensive royal canon (pp. 1-6) commences with 
Nabonassar and runs through the Achaemenian, 
Ptolemaic, Roman, and Byzantine dynasties. In this 
the durations of reigns are given in years. This is 
followed by a canon of the Caliphs in years and days 
down to al-Muktafi b’illah (294 a.u.). The canon (in 
the manuscript used by Nallino) was extended by 
someone other than Battani to include al-Muti' 
li'llah (c. A.D. 950). 


B. TRIGONOMETRIC TABLES 


There are tables of: 

Sin 6, to three places, for @ = 0; 0°, 0; 30°, 1; 0°, 
-++, 180;0°, (pp. 55-56) and 12 cot 6, to one frac- 
tional place, for 6 = 1°, 2°, ---, 90° (p. 60). 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


There is also a table (pp. 57-58) of 6(@) to seconds 
of arc, for each integer degree of 0, with « = 23; 35°. 

The following tables of ascensions (pp. 61-71) are 
displayed, all computed to one fractional place: 


‘ 
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Ay(d) + 90°, for each integer degree of X, 

A36.,0°(A) for each integer degree of A, this being for 
the latitude of Raqqa, the location of al-Battani’s 
observatory. 

A,(d) for A = 0°, 10°, 20°, ---, 360° and ¢g’s such 
that in those locations the maximum length of day- 
light is 13;0, 13; 15, 13; 30, ---, 16;0 hours, also for 
yg = 21;40° (Mecca), 33; 9° (Baghdad), and 36; 40° 
(Harran). 

For the latitude of Mecca, Baghdad, Harran, and 
Raqqa there are associated with the corresponding 
tables of ascension, entries giving /(\,) for the same 
domain of the argument and with the same precision 
as the corresponding ascensions. 

There is also a table (p. 59) showing (max D — 12) 
as a function of latitude, computed to minutes of arc 
for ¢ = 0; 30°, 1; 0°, 1; 30°, ---, 60; 0°. 


D. EQUATION OF TIME 


There is a table of E(A,), to minutes of arc for each 
integer degree of the argument. 


E. MEAN MOTIONS 


Solar and iunar mean motions are all carried to two 
fractional places, those of the planets to one. The 
locations of Xs, Am,» @m, and A, are shown for years 
931, 951, 971, ---, 1631 of the Seleucid era (for the 
planets the table is carried to 1591 only). Totals 
of these means in 1, 2,3, ---,20 (Seleucid) years; 
1,2,3,---,12 months; 1,2,3,---,31 days; and 
1,2,3,---,24 hours are also shown (pp. 73-77, 
102-107). 

Complete tables of mean motions are also given for 
the Hijra calendar (pp. 19-28) in intervals of 30 lunar 
years, the range of the arguments otherwise corre- 
sponding to the arrangement for the Seleucid calendar. 

See §10, E below. 


F. PLANETARY EQUATIONS 


Two equations, those of the sun and of Venus, differ 
from the values of the Almagest, otherwise the tables 
(pp. 78-83, 109-137) are like those of, say, §8, F. 


G. PLANETARY LATITUDES 
These are completely Ptolemaic, with max B,, = 5° 
as in the Almagest (pp. 140-141). 
H. STATIONS AND RETROGRADATIONS 
As in §7, H (pp. 138-139). 
I. PLANETARY SECTORS 


None. 
J. PARALLAX 


Battani gives the Almagest table (pp. 93-94) of 
solar and lunar parallax in the altitude circle, but with 
emendation of some values. 
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He also has the Theon tables (pp. 95-101) of 
parallax components, for all seven climates. 


K. ECLIPSE THEORY 


There is a table (p. 88) of A,’(As) and Am’ (Am) to two 
places for each six degrees of the arguments. 

There are two tables (pp. 29-32, 84-87) of mean 
conjunctions and oppositions, one for arguments of 
cycles of twenty-five Egyptian (Coptic) years from 
915 to 1690 and for motions in years and months 
within the cycle. The other set is for cycles of twenty- 
four Seleucid years, ranging from 376 to 1623. In 
both cases functions tabulated are ¢, \, @», and X,, of 
the conjunction or opposition, all to seconds of arc 
or time. 

The Ptolemaic digit conversion table (p. 89) is 
reproduced. There is also a table giving the eclipse 
inclination as a function of magnitude. 

There are tables (p. 90) of lunar eclipses, one for the 
moon at greatest distance, one for least. The argu- 
ment is each integer digit of eclipse magnitude up to 
21; 31, 30 digits in the first case, to 21; 36 digits in the 
second. Functions tabulated are: 8,,, duration of im- 
mersion, and duration of totality, all to two places. 
There is an interpolation scheme for intermediate 
lunar distances. 

There are two analogous tables (p. 91) for solar 
eclipses, laid out as above except that the limits of 
magnitude are 11; 23, 30 digits and 12; 33 digits re- 
spectively, and there is no column for duration of 
totality. 

L. VISIBILITY THEORY 


There is a planetary visibility table (pp. 142-143) 
set up in the same manner as that of the Almagest, but 
with different entries. There is only explanatory 
material (vol. I, pp. 266-272) on first visibility of the 
lunar cresent. In the Sanjari Zij (27, see §12, L be- 
low), however, appears a table of crescent visibility 
computed according to al-Battani’s conditions. 


M. GEOGRAPHICAL POSITIONS 


There is a table (pp. 33-54) giving the latitude and 
longitude of 273 locations, to minutes of arc. 


N. STAR TABLES 


One table (pp. 144-177) is for epoch 1191 Alexander 
(i.e., of the Seleucid era, A.D. 888) and gives for 533 
stars latitudes, longitudes, and magnitudes. In 
general the latitudes are those of the Almagest, the 
longitudes corrected for precession. 

Another table (pp. 178-186) has entries for seventy- 
five stars, arranged in order of magnitude, for epoch 
1211 Alexander (A.D. 900), and including the declina- 
tion, the meridian altitude, half the daylight arc, the 
degrees of culmination, rising, and setting, all to 
minutes of arc for g¢ = 36° (Raqqa). 
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O. ASTROLOGICAL MATERIAL 


Among the spurious tables at the end of the zij is 
an ‘astrological rose’’ (p. 299), a circular diagram 
showing the rulers of the houses, triplicities, exalta- 
tions, etc. 

There is a table (p. 188) of the excess of revolution 
for 1,2, 3,---, 20,40, 60, ---,200 years. The pa- 
rameter is 86; 36° per year, corresponding to a tropical 
year of 6, 5; 14, 26 days (ef. §5, O). 


P. MISCELLANEOUS 


There are tables (p. 188) giving the altitude and 
azimuth of the sun at each of the twelve unequal 
hours, the geographical location being at the latitude 
of Raqqa, and the sun being assumed in the first of 
Capricorn and then in the first of Cancer. 


10. ABSTRACT OF 9, AZ-ZIJ AL-JAMI, 
OF KUSHYAR, c. 1000 


A. CHRONOLOGY 


This work has text and tables for the Hijra, Yazdi- 
gird, and Seleucid calendars. There is also a table 
of the lunar mansions, giving latitude and longitude 
to minutes of arc. 


B. TRIGONOMETRIC FUNCTIONS 


There are tables of: 
Sin 6, to three places, 6 = 0;0°,0;1°,0;2°, ---, 
90; 0°, 
Tan @, to three places, 0 
tabular differences. 
Tan 6, to three places, 4 
tabular differences. 
7 cot 4, 
12 tan @, | to three places, for each integer degree of 
12 cot @, the argument, with tabular differences. 
Vers @, 


0°, 1°, 2°, «++, 60°, with 


0°, 1°, 2°, ---, 45°, with 


I 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 
There are also tables of: 


5,(@) and 62(@), to two fractional places, for each in- 
teger degree of 6, with tabular differences, « = 23; 35°, 
and Tan 6,(@), to two fractional places, for each integer 
degree of 6. 

Tables of ascensions, all computed to seconds of arc, 
and for each integer degree of \ are: 


A,(\) for g=0° and ¢g = 35; 30°, 


and following the colophon, hence not part of the 
original zij, are: 


Ao(A) + 90°, 


and A,(d) for g = 30; 5° (Bardishir) and g = 29; 30°. 
There is a table, computed to minutes of arc, of 


AD(x,), for each integer degree of ),. 
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After the colophon of the zij proper are tables of 
AD(A,) and A(A,), set up as above, for g = 36; 15°, 

There is a table, computed to minutes of arc for 
each integer degree of the argument, of 


maxh,(d,), for g = 29; 30°. 


D. EQUATION OF TIME 
There is a table of E(A,), to seconds of time, for each 
integer degree of the argument. 
Following the colophon are two more such tables, 
for each six degrees of the argument, which is }, for 
the one and X,, for the other. 


E. MEAN MOTIONS 

This zij has a table of the positions of all the means 
at the epoch of the Yazdigird calendar, the mean 
motions in twenty Persian (i.e. Egyptian) years and 
for a single day, all the above carried to six fractional 
places. They are stated to be from al-Battani, and 
they are in fact the same as these given (implicitly) 
in 55. 

These base parameters were used to compute mean 
motion tables of the usual type, but in the Yazdigird 
rather than the Hijra or Seleucid calendars. These 
are to two or three fractional places. Mean positions 
are given for Yazdigird years 1, 21, 41, ---, 481, and 
motions of these means in 1, 2, 3, ---, 20, 40, 60, ---, 
100, 200, 300, ---, 600 years; 1, 2, 3, ---,12 months; 
1,2,3,---,24days. There is also a table for correct- 
ing mean positions according to the geographical 
longitude of the observer. 

The planetary apogees are those of Battani (55) but 
with positions as of the beginning of the Yazdigird era. 

After the colophon of the zij proper are a few addi- 
tional folios of tables among which is a listing of all 
the mean motions in degrees per day to six fractional 
places. These are ascribed to az-Zij al-Fakhir (44) 
and are the same as those noted above. This con- 
firms the statement of al-Farisi (54, Lee) that the 
elements of both zijes are taken from al-Battani (55). 
Since these parameters are not explicitly reported in 
Nallino, Batt., we reproduce them below: 


© 0; 59, 8, 20, 46, 56, 14° per day 
| (mean) $3; 20, 35, Z, 7, 97, 90 
(anomaly) 13; 3, 53, 56, 17, 51, 59 
(The above value is that of Ptolemy in the 
Almagest [transl. of Manitius, vol. I, p. 
210 ].) 
(nodes) 0; 3, 10, 37, 18, 40, 26 
0; 2, 0, 35, 51, 48, 3 
0; 4, 59, 16, 55, 54, 57 
0; 31, 26, 40, 15, 11, 13 
0; 36, 59, 29, 28, 42, 45 
3; 6, [2 ]4, 7, 45, 53, 33 


There is a table of apsidal motion, to seconds of arc, 
for the same domain as the arguments of the mean 


oAns 


(anomaly) 
8 (anomaly) 


motion. 
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After the colophon, hence probably from az-Zij 
al-Fakhir (44) is another table of apogees and of 
apsidal motion. Both sets of tables are said to be 
obtained from those of al-Battani, and this is in fact 
the case. 

F. PLANETARY EQUATIONS 

These tables are as in §9,F above except that 
the solar and lunar equation tables have tabular 
differences. 


G. PLANETARY LATITUDES 


Same as §9, G. 


H. STATIONS AND RETROGRADATIONS 
As in §7, H. 


I. PLANETARY SECTORS 
None. 
J. PARALLAX 


There is a table of solar parallax in the altitude 
circle, computed to two places at intervals of three 
degrees of the argument. Maximum parallax is 
0; 3, 0°. 

One of the Theon parallax components tables is 
given, that for the third climate. 


K. ECLIPSE THEORY 


In the zij proper there is a table of \/(A,) and 
Am’ (Gm) in degrees per hour, 7;(Xs), 7m(@m), and 7y(Adm) 
for each twelve degrees of the arguments, all to 
seconds of arc, at syzygies. 

There is a table of earth—moon distance, to minutes, 
taking the lunar deferent radius as 1, 0, for each six de- 
grees of a,, and 0°, 5°, 10°, ---, 35° double-elongation. 

The Ptolemaic digital conversion table is_ re- 
produced. 

After the colophon, hence presumably not the work 
of Kiishyar, are: 

A lunar eclipse table ascribed to Biriini (59) in 
which there are two arguments: 


(1) Distances between the longitudes of conjunction 
and node of 0; 0°, 0; 30°, 1; 0°, ---, 11; 30°, and 

(2) Ranges of lunar daily motion of from 12; 0° to 
12; 20°, from 12; 21° to 12; 48°, from 12; 49° 
to 13; 11°, from 13; 12° to 13; 45°, from 13; 46° 
to 14; 16°, and from 14; 17° to 14; 48°. 


Functions tabulated are times of immersion and 
totality, to minutes. 
Biriini’s solar eclipse table with arguments 


B.. = 0,1’, 2’, ---, 32, and 
+ 12; 0°, 12; 24°, 12; 48° per day, 


vielding immersion time and magnitude, to minutes. 
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L. VISIBILITY CONDITIONS 


Following the colophon is a table, apparently of 
coefficients for modifying some sort of crescent visi- 
bility conditions. The arguments are each six degrees 
of a, and two or three values of the double elongation, 
the latter garbled. Entries are to minutes. 

No other visibility tables appear. 


M. GEOGRAPHICAL LOCATIONS 


There is a table layout, but left blank, for forty-five 
localities, longitude to be reckoned from the Fortunate 
Isles, coordinates to minutes of arc. 

After the colophon appears a table of the latitude 
and longitude of ninety-one localities, to fives of 
minutes, longitudes reckoned from the Fortunate Isles. 


N. STAR TABLES 


A star table was laid out in this copy, but no star 
names or coordinates were ever entered. There are 
places for thirty stars, for latitude and longitude as of 
the year 301 Yazdigird, for their astrological tempera- 
ments, and magnitudes. 

Following the colophon is a table of thirty stars 
giving (6, ) (for year 1293 of Alexander) and (a, 6), 
most coordinates terminating in multiples of five 
minutes. Astrological temperaments also are given. 
The latitudes are the same as those of the Almagest, 
whence it can safely be concluded that all the other 
coordinates have been obtained from the Ptolemaic 
values with suitable allowance for precession. 


O. ASTROLOGICAL TABLES 


There is a table layout headed at-Tasyirat, but this 
was never filled in in this copy. 

Following the colophon is: 

A table for the equalization of the houses, to three 
places for each degree of the ascendant. 

Two tables of nativity lots giving, for each of the 
planets, and for diurnal and nocturnal nativities, the 
associated sign, the Egyptian terms (to five places), 
and the lords of the triplicities and decans. 


11. PARTIAL ABSTRACT OF 59, AL-QANUN 
AL-MAS‘UDI, OF AL-BIRUNI, 1030 


Both the Brit. Mus., Suppl. and the Berlin cata- 
logues give (in Arabic) full tables of contents of this 
work. Because of its unusual importance we will 
abandon, for this section only, the master outline given 
in §4 and will follow the order of topics as presented 
in the actual zij. Of the numerous extant copies of 
the Canon, a microfilm of only one, Bodl. IJ, 2, 
Ms. 370 (Bodl. 516), was in the possession of the 
present author at the time of writing. Although this 
is an old and valuable copy, it contains only the first 
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six out of a total of eleven treatises in the whole work. 
Notices of the tables in the last five treatises will, 
therefore, be incomplete. 

Treatises I and II include a discussion of funda- 
mental astronomical concepts and the chronological 
material contained in the zij. Full tables are given 
for the Hijra, Seleucid, Yazdigird, Jewish, Coptic, 
Julian, and Magian (i.e. Zoroastrian) calendars, to- 
gether with tables of holidays of the various sects, and 
an extensive royal canon. This material goes over 
much of the ground covered in Birini’s independent 
“Chronology of Ancient Nations.” 

Treatise III is the trigonometric section of the 
Canon. As remarked above, this treatise has been 
ably translated (or rather paraphrased) into German 
by Schoy (Mas‘idi). There are two tables, one giving 
Sin @ to four places for each 15’. There are two 
columns of tabular differences associated with each 
value of the argument, one giving the increment for a 
change in the argument of one minute, the other the 
increment for a quarter-degree change. The second 
table is of Tan 8, computed to five places, and with 
columns of first and second differences. 

Treatise IV is given over to topics in spherical 
astronomy. All the tables in this treatise have entries 
for each integer degree of the arguments and are 
computed to four-place accuracy. 

The first chapter defines the constant e, Biriini tak- 
ing for it the value 23; 35°. There is a publication by 
Farooq, M., ‘“Al-Kanun-Ul-Masudi,’”” The Muslim 
University Press, Aligarh, India, 1929, which contains 
the Arabic original, translation, and commentary on 
a small part of the Canon. This may be the first 
chapter of Treatise IV. The second chapter (trans- 
lated in Schoy, Mas‘idi) is devoted to declinations of 
points on the ecliptic, and is followed by tables of 6, 
and 62. The third chapter deals with right ascensions 
and is followed by a table of Ao(A). 

Chapters 4, 5, and 6 give methods of transforming 
from equatorial to ecliptic coordinates and vice versa. 

Chapters 7-17 inclusive are concerned with gno- 
monics. Of these, Chapters 8, 11, 14, and 17 were 
translated by Schoy, the last three in Mas‘idi, the 
first in Annalen der Hydrographie und Maritimen 
Meteorologie, vol. 53 (1925), pp. 41-47. Chapter 10 
is followed by a table giving, for the latitude of Ghazna 
(yg = 33; 35°), the duration of daylight in equal hours, 
the length of the unequal hours, and the meridian 
altitude of the sun. Chapter 11 has a table of 
Tan max fA, and 12 Tan max fh,. 

Chapter 18 has a table of A,(A) for Ghazna. 

The rest of the twenty-six chapters of the treatise 
give astronomical methods of time determination, the 
fixing of the astrological centers, transformations of 
times and ascensions for changes of geographical loca- 
tion, and the determination of the ascendant at the 
cupola of the earth (Ujain). 

Treatise V is taken up with geodetic problems. The 
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first chapter describes the determination of the longi- 
tudes of a locality by simultaneous observations of 
eclipses. The second chapter, translated by Schoy 
(Geogr.) solves the same problem by use of the distance 
from a point of known coordinates. Chapter 3 de- 
scribes how to determine the terrestrial distance be- 
tween two points of known coordinates. Chapter 4 
gives a method of determining the coordinates of a 
locality in terms of its distances from two fixed 
localities. The remaining seven chapters are missing 
in the Bodleian copy. Chapters 5 and 6, the latter 
of which is translated in Schoy, Mas‘idi, dispose of the 
determination of the azimuth of one locality with 
respect to another. When one of the localities is 
Mecca the azimuth is that of the gibla, the Muslim 
direction of prayer. Excerpts and translations from 
Chapter 7 (as well as a passage from Chapter 2, 
Treatise I) dealing with the circumference of the earth, 
are to be found in ‘‘Muslim Researches in Geodesy”’ 
by S. H. Barani, pp. 1-52, of the ‘Al-Biriini Com- 
memoration Volume,”’ Iran Society, Calcutta, 1951. 
The whole of the chapter had previously been trans- 
lated in Schoy, Geogr. Chapters 8 and 9 deal with 
parallels of latitude and the location of the climates. 
A one-folio table follows the latter. Chapter 10 
consists mainly of a six-folio table of geographical 
locations. 

Treatise VI deals primarily with the problem of 
solar motion. The first chapter, however, discusses 
the determination of time differences between |lo- 
calities of different longitude. The second chapter, 
translated in Schoy, Geogr. is a computation of the dif- 
ference in longitude between Alexandria and Ghazna. 
(This chapter has been retranslated by J. H. Kramers 
in pp. 177-193 of the ‘‘Al-Birini Commemoration 
Volume” mentioned above.) The solar mean motion 
is next discussed. Included in the sixth chapter is a 
table in which twenty-three observations of equinoxes 
are recorded beginning with those of Hipparchus and 
Ptolemy and ending with two by Birini himself. 
Publication of this table with the accompanying text 
would enable the computation of the solar mean mo- 
tion as determined by many early Islamic observers. 
Most of these parameters are already known from 
other sources, and the known ones could be used to 
control the computation of those unknown. Chapters 
7 and 8 deal with the motion of the solar apogee. 
Biriini settles on a value of 0; 0, 0, 8, 34, 31, 25, 1° per 
day for the latter. He gives the mean motion of the 
sun as 0; 59, 8, 12, 7, 56, 33° per day. Chapter 9 has 
a table of the solar mean motion and apsidal motion 
carried to six fractional places for 1, 2, 3, ---, 30 
Persian (i.e., Egyptian) years, and for the same range 
of Persian months and days. Positions of the mean 
sun and apogee are given for Yazdigird years 400, 
430, 460, ---,820. Chapter 11 has a table of the 
solar equation (maximum is 1; 59, 31, 40, 30°) to four 
places for each degree of the argument, with tabular 
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differences. The treatise concludes with a chapter on 
the equation of time. 

Treatise VII is devoted to the lunar motion and has 
the usual tables of mean motion, equations, and 
latitude. The concluding chapters, 10 and 11, how- 
ever, have text but no tables on the determination of 
latitude and longitude components of the lunar and 
solar parallax respectively. The last chapter also has 
a section each on the apparent lunar and shadow 
diameters, and on the distance of the sun from the 
earth. 

Treatise VIII presents eclipse and lunar visibility 
theory in a total of seventeen chapters. There are 
chapters on: lunar and solar angular velocities and 
rates of elongation (with one folio of tables), mean 
conjunctions and oppositions, the lunar shadow (with 
one folio of tables, cf. §10, K below), eclipse limits, 
color of lunar and solar eclipses, duration of eclipses, 
eclipse magnitudes, and eclipses occurring near sunrise 
or sunset. Chapters 12 through 17 have as topics: the 
illumination (of the lunar disk), definition of twilight 
and dawn, visibility of the crescent, the lunar man- 
sions, and lunar days. The latter are the “‘tithis’’ of 
Hindu astronomy (cf. Neugebauer, p. 123). 

Treatise IX concerns the fixed stars. In its nine 
chapters are included as topics: the differences be- 
tween the planets and the fixed stars, the arrange- 
ment of the latter according to the inhabitants of 
various regions of the earth, motion of the fixed stars, 
a nineteen-folio star table, risings and settings of the 
fixed stars, and stars associated with the lunar man- 
sions by the Arabs and the Hindus. 

Treatise X has to do with the motions of the five 
planets, and comprises thirteen chapters. Except 
for the material on visibility, the tone is strongly 
Ptolemaic, and the topics and tables are the stand- 
ard ones. 

Treatise XI is purely astrological, its twelve chapters 
including two methods of equalization of the houses 
(the well-known one and Biriini’s own), aspects, pro- 
jections of the rays (again by the standard method 
and by the one Biriini developed), the apheses and 
progressions (with two-folio and six-folio tables re- 
spectively), year-transfers and nativity-transfers, and 
deferent and epicycle sectors. 


12. ABSTRACT OF 27, AZ-ZIJ AS-SANJARI, 
OF AL-KHAZINI, c. 1120 


A. CHRONOLOGY 


The chronological section of this zij is very exten- 
sive. It has material on the Hijra, Yazdigird, 
Seleucid, Jewish, Soghdian, and Hindu calendars. 
There are tables of Muslim, Zoroastrian, Christian, 
and Jewish fasts and holidays as well as regnal tables 
of the Babylonian, Achaemenian, Macedonian, Coptic 
(Roman Emperors), Sasanian, Umayyad, Abbasid, 
Byzantine, North African, Buyid, and Seljuk dy- 
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nasties. There is a chronological table of prophets, 
and a table of the lunar mansions. 


B. TRIGONOMETRIC FUNCTIONS 


There are tables, all computed for each integer 
degree of the argument, for 


Sin 6, with first and second 
differences, 

Vers 6, to 180°, with first ¢to three places, 
differences, 

Cot 6, with first differences, 

and 63 cot 6, 

7 cot 6, > to two places. 

12 cot 8, 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


There are also tables of: 

6:(@) and 62(@) to seconds of are for each integer 
degree of 0, with e = 23; 35°. 

Tables of ascensions, all computed to minutes of arc 
for each integer degree of X, are: 

A,(d) + 90°, with tabular differences, for g = 0°, 
and ¢ = 37; 40° (for Marv, the location of al-Khazini's 
observatory), and A,(A), for all seven climates, and 
for ¢ = 33; 25° (Baghdad), ¢ = 90° — e = 66; 25°, 
yg = 76;4°, go = 37;40°, the last with tabular 
differences. 

There are tables, computed to minutes, of (A,) 
and AD(h,) for each integer degree of d,, ¢ = 37; 40° 
(Marv), and (max D — 12) and sin (max D — 12) for 
eo = 1°, 2°, 3°, ++, 


D. EQUATION OF TIME 


There is a table of E(A,), to seconds of time, for each 
integer degree of the argument. 


E. MEAN MOTIONS 


In keeping with the other parts of this magnificent 
work, the section on mean motions is unusually com- 
plete and precise. All the basic mean motions, i.e. 
both mean longitude and anomaly for all planets, the 
motion of the lunar nodes, and the rate of double 
elongation for the moon are given to seven or more 
fractional places, in degrees per day, and revolutions 
per day. The former are reproduced below: 


0; 59, 8, 20, 33, 53, 4, 29, 40° 
13; 10, 35, 2, 0, 41, 28, 38, 50 
0; 2, 0, 36, 4, 43, 2, 8 

0; 4, 59, 16, 19, 53, 47, 11, 20 
0; 31, 26, 39, 36, 34, 5, 16, 50 
0; 3, 10, 37, 38, 17, 2, 57, 30 
13; 3, 53, 56, 12, 33, 51, 26, 30 
0; 36, 59, 28, 43, 1, 37, 38, 20 
3; 6, 24, 7, 9, 39, 35, 45, 50 


PANTAO 


€ (anomaly) 
2 (anomaly) 
8 (anomaly) 
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There are tables showing the amounts of all these 
motions in degrees carried to eight fractional places 
for 1, 2, 3, ---, 60 days. 

Al-Khazini makes precessional and apsidal motion 
the same and puts it at 0; 0, 0, 8, 57, 38, 45, 42, 30° 
per day, which comes (approximately) to 0; 0, 52, 56° 
per Hijra year. 

The initial points of all the mean motions, to seconds 
of arc, for longitude 90° from the ‘‘shore of the western 
sea’’ (probably from the Fortunate Isles) are given 
for the epoch of the Hijra, Yazdigird, and Seleucid 
calendars. 

For ease in practical computation, as the author 
says, all mean positions are given, to seconds (some- 
times thirds) of arc for years 1, 31, 61, ---, 1321 A.n. 
The mean rates, to the same precision, are given for 
1,2,3,---,30 Hijra years; 1,2,3,---,12 Hijra 
months, 1, 2, 3, ---,29 days, also for 1, 2, 3, ---, 60 
days and for 1,2,3,---,12 Persian (i.e. 30-day) 
months. 

This zij has a good deal of material on the so-called 
world-days (cf. 63). One such ‘“‘mighty’’ period is 
taken to be 36 X 60° ordinary days in length. By 
dividing each of the planetary periods into this number 
the author obtains a table of the number of times each 
of the small cycles is contained in the large one. This 
is an example of the sort of thing al-Birtini (Chron., 
p. 25) had in mind in his criticism of the zij of Abi 
Ma‘shar (cf. above p. 133). 


FandG. PLANETARY EQUATIONS 
AND LATITUDES 


As usual. 


H. STATIONS AND RETROGRADATIONS 
As in §5, H. 


I. PLANETARY SECTORS 
None. 
J. PARALLAX 


This zij, like 55, has the Almagest table of solar and 
lunar parallax in the altitude circle. 

It also has Theon’s tables of the components, for all 
climates, and additionally, one of the same type for 
g = 38°, the latitude of Marv. 


K. ECLIPSE THEORY 


This section has tables of ,’(A,) and Am(@m) in 
degrees per hour and day, 7,(Xz), 7m(@m), ANd Pw (Am) 
all to seconds of arc, for each four degrees of the 
arguments. 

There is a table of earth—moon distances at syzygies, 
computed to minutes of the lunar deferent radius 
(taken as 1, 0), for each 6° of am. 

The Ptolemaic digital conversion table is_ re- 
produced. 
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There is a table of mean conjunctions and opposi- 
tions tabulated for Hijra years 1, 31, 61, ---, 1291, 
and motions in 1, 2, 3, ---, 30 Hijra years, and indi- 
vidual months. Functions given are: 


t, Xs Amy Am — Any Aaps, all to seconds. 


There is a table of lunar eclipses which, for 
Bm = 0;0°,0;1°,0; 2°, ---,1;5°, gives magnitudes, 
times of immersion and totality, with their equations 
(i.e. their changes from greatest to least lunar dis- 
tance), all to minutes of the units used. An inter- 
polation scheme is tabulated for each six degrees of a,,,. 

A table of solar eclipses is set up as above, but with 
Bm = 1’, 2’, 3, ---, 34’, and giving no time of totality. 

There is a table of eclipse inclination computed to 
minutes of arc for each digit. 


L. VISIBILITY THEORY 


The sections on visibility conditions in this zij are 
more extensive than in any other seen by the present 
writer, and a general investigation of the subject 
might well commence with the relevant parts of 
this work. 

There is a table of visibility limits ascribed to 
Thabit (93). In this table, for each six degrees of a,, 
three entries are made: (1) the arc of total light (qaus 
an-nur al-kulliya), (2) the equation, and (3) the ex- 
treme distance (ghdayat al-bu‘d), being (1) + (2), all to 
minutes of arc. 

There follows the author’s (al-Khazini’s) version of 
the same function. This table specifies the limits for 
good, poor, and mean visibility, to minutes of arc, for 
a set of X,,’ ranging from 12; 6° to 14; 27° per day. 

There is a table of Difference of Risings in the 
Climates (Ikhtilaf al-Matali‘ fi'l-Aqalim), in two ver- 
sions, one ‘‘according to the opinion of al-Battani”’ 
(55), the other ‘‘according to the first opinion”’ (i.e., 
that of the ancients?). The argument has the range 
0;0, 0;10, 0;20, ---, 13;40, and entries are to minutes, 
with an interpolation scheme for each six degrees of ay. 

Tables of planetary arcs of visibility are computed 
to minutes of arc as a function of the planet, climate 
and zodiacal sign. None of the entries are those of 
the Almagest. These tables are taken over, in part, 
by zijes 6, 12, and 20, and may have been worked out 
by al-Khazini himself. 


Auxiliary to these are interpolation schemes for the 


visibility arcs of the superior planets, for each ten 
degrees of the anomaly. 


M. GEOGRAPHICAL POSITIONS 
None. 
N. STAR TABLES 
There is a table of the latitude, longitude (for 500 


A.H.), temperaments, and magnitudes of forty-six 
stars. Coordinates terminate in multiples of ten 
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minutes, and are those of the Almagest, the longitudes 
having an added constant for precession. 


O. ASTROLOGICAL TABLES 


This zij has a table said to be of Biriini’s method of 
projections of the rays, taking latitudes into consider- 
ation. There are two entries for each value of the 
argument, 8 = 0; 30°, 1;0°, 1; 30°, ---,10;0°. The 
first is said to be “‘for the ray”’ (Lish-shu‘a'‘), and is in 
the vicinity of sixty, the second is ‘‘for the latitude” 
and ranges from zero to 4; 58, 51. 

There is a table of the Equation of the Anniversary 
Mean. It is the function 


2; 12,23 sin 6 = max e, sin 6 


tabulated for each integer degree of 0, here the argu- 
ment of the solar anomaly, to seconds of arc, with 
tabular differences. 

There is also a table of the Equation of the Excess of 
Revolution, the function 


0; 13, 40 cos 6 


tabulated like the preceding function and with the 
same argument, but without tabular differences. 

There are tables of the motion of various kinds of 
apheses, computed to minutes of arc, for 1, 2,3, ---, 12 
(Persian, i.e. 30-day) months. The categories are 
two-fold: (1) of the burj al-munttha’, three kinds, those 
progressing in the course of a year through one sign, 
thirteen signs, and 169 signs; (2) of the month and 
year indicators, three kinds, those which in the course 
of a year progress around one revolution, thirteen 
signs, and twelve revolutions. 

There is a table of the initial times of the cosmic 
years (sini al-‘alam, i.e. vernal equinox) to seconds, 
for 1, 2, 3, ---, 20 vears, and scores of vears from 1386 
to 1906 of the era of Alexander and from 444 to 964 
of Yazdigird. 

There is a table of the position of al-Kaid (The 
Comet?, cf. §4, O) carried to two fractional places, the 
motion of which passes through one sign in twenty- 
four vears. The argument of the tables is 1, 2, 
3, -++, 12, 24, 36, ---, 144 vears. 


13. ABSTRACT OF 6, THE ZIJ-I ILKHANI 
OF NASIR AD-DIN AT-TUSI, c. 1240 
A. CHRONOLOGY 
This zij has material on the Hijra, Yazdigird, Se- 
leucid, Jewish, Maliki, and Chinese-Uighur calendars. 
B. TRIGONOMETRIC FUNCTIONS 
There are tables of: 


Sin 6, to three places, for @ = 0;0°, 0; 1°, 0; 2°, ---, 
90; 0°, 

Vers 6, to three places, for 6 = 0;0°,0;1°,0; 2°, ---, 
180; 0°, 
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6:0", @: 1°, @: 2", +--+, 458", 
three places, 

45;10°, 45; 20°, 45; 30°, ---, 89; 0°, 
to four places, 

89; 10°, 89; 20°, 89; 30°, -- -, 89; 50°, 
to five places, 

12 cot 6, to three places, a iin cae. all is 

7 cot 6, to two places alia lh alls alt al 


Tan 6, for @ = 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


There are also tables of 6;(@) and 62(@), to seconds 
of arc, for 6 = 0;0°,0;6°,0;12°, ---, 360;0° for 
e = 23; 30°. 

Tables of ascensions, all computed to two fractional 
places and for each integer degree of \ are: 


Ay(A) + 90°, and A,(A), 


for g = 1°, 2°, 3°, ---, 53°, also for g = 37; 20°, for 
Maragha the site of Nasir ad-Din’s observatory. 

There are tables giving, for ¢ = 37; 20° (Maragha), 
and for each integer degree of the argument, 


D(x,), to seconds of time, 
and max f,(X,) to minutes of arc. 


Another table, of a type not seen in any other zij, 
gives the hours from sunrise (or to sunset) to seconds, 
and the equivalent equatorial angle, to seconds of arc, 
as a function of h, and max h, for the day in question, 
for g = 37;20° and each integer degree of both 
arguments. 

D. EQUATION OF TIME 


There is a table, computed to two places, of E(\,), 
for each integer degree of ),. 

Another table, computed to the same precision as 
the one above, and for the same domain of the inde- 
pendent variable, gives the change in the moon’s 
mean longitude to be allowed for on account of the 
equation of time. 


E. MEAN MOTIONS 


All mean positions, including the apogees, are given 
for years 601, 602, 603, ---, 701 of Yazdigird. In the 
copy used, a second table of the same character but 
for years 861, 862, 863, ---,890, was also present, 
apparently added by a user who lived after the time 
of Nasir ad-Din. Motion of the means is also given, 
for 1, 2, 3, ---, 10, 20, 30, ---, 100, 200, 300, ---, 1200 
Yazdigird (Egyptian) years; 1, 2,3, ---,12 months; 
1, 2,3, ---,30 days; 1, 2,3,---,24 hours; and for 
change of terrestrial longitude. All the above tables 
are computed to seconds of arc. 

Precessional motion is given to four significant 
places for complete Persian (i.e. Egyptian) years, an 
approximation to the basic rate being 0; 0, 51, 25, 43° 
per Egyptian year. 
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F. PLANETARY EQUATIONS 


As usual, except that a third lunar equation is 
tabulated, being the small effect on \ caused by the 
fact that the inclined orbit of the moon is not in the 
ecliptic plane, but inclined to it at five degrees. 

The tables are computed for an interval of each 
twelve minutes instead of each degree. 


G. PLANETARY LATITUDES 


As usual, except that 8, is computed for every 
twelve minutes of the argument. 


H. STATIONS 
As in §5, H. 
I. PPANETARY SECTORS 


There are tables of deferent and epicycle sectors 
computed to degrees only. 


J. PARALLAX 


The Theon parallax component tables for the third, 
fourth, and fifth climates are present, together with 
another of the same type for ¢ = 38°. The entries 
of the latter are identical with those of al-Khazini 
(27, §12, J) and may be taken from his zij, for Nasir 
ad-Din’s latitude for his observatory, Maragha, is 
given as 37; 20°. 


K. ECLIPSE THEORY 


There is a table of lunar eclipses in which the 
arguments are: 


Bm = 1’, 2’, 3’, ---, 67’, and 
Am’ = 11; 36°, 11; 48°, 12;0°, ---, 15; 0° per day. 


Functions obtained are magnitude, time of immersion, 
and time of totality, all to two places. 

A table of solar eclipses has the same arguments, but 
the apparent 6, extends to 35’ only. The table gives 
magnitude in diametral and areal digits, and time of 
immersion, all to two places. 


L. VISIBILITY CONDITIONS 


There is a table of the arc of visibility, the same as 
the table described in §12,Z, but for the fourth 
climate only. 


M. GEOGRAPHICAL POSITIONS 


This zij has a table giving the latitudes and longi- 
tudes of about 245 localities, the coordinates terminat- 
ing in multiples of five minutes. For thirty-five 
localities the length of the longest day is also given. 


N. STAR TABLES 


There is a table of the latitude, longitude, tem- 
peraments, and magnitudes of sixty stars. 
nates terminate in multiples of five minutes. 


Coordi- 
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Another table gives only eighteen stars but giving 
the coordinates (A, 8) as observed by Ptolemy, Ibn 
al-A‘lam (70), and Ibn Yiinis (14) as well as those of 
Nasir ad-Din himself. See §17 below. By compari- 
son of the latitudes reported it is clear that, for these 
stars at least, independent observations of stellar 
positions were made at Maragha. 


O. ASTROLOGICAL TABLES 


There is a table of equalization of the houses for each 
degree of the ecliptic, to minutes of arc. 

There is a table of the excess of revolution, for 
1,2, 3, ---,12 years, to minutes of arc. 

Of nativity and world periods there are substantially 
the same tables as those noted in the Khaqani Zij 
(20, §15, O below), except that the table of positions 
for the world periods runs through the Maliki years 
181, 182, 183, ---, 300. 


P. MISCELLANEOUS 
This zij, like 20 (in §15, P) and 12 (in §16, P), has 
three tables of the function 
24d 
x ’ 


computed to seconds of time. 
In the first the arguments have the domain 


d = 1’,2’,3',---,@’, and 
d,’ = 57’, 58’, 59’, ---, 62’ per day. 


Thus the table gives the number of hours required for 
the sun to traverse arcs of longitude of d minutes at 
a rate of X’. 

The second performs the same function for the 
moon, the arguments running 


d = 1°, 2°, 3°, ---, 10°, 20°, B°, 40°, 30°, and 
Am’ = 9; 30°, 9; 31°, 9; 32°, ---, 16; 10° per day. 


The third predicts the time of conjunction of two 
planets whose difference in longitude is d and which 
are approaching at the rate of \’.. The domain of d 
is as that for the moon ‘above, and 


\’ = 9; 36°, 9; 39°, 9; 42°, ---, 17; 9° per day. 
14. ABSTRACT OF 11, AZ-ZI1J AL-JADID 
OF IBN ASH-SHATIR, c. 1350 
A. CHRONOLOGICAL 
This zij has material on the Hijra, Yazdigird, 
Seleucid, and Coptic calendars, together with a table 
of the lunar mansions. 
B. TRIGONOMETRIC FUNCTIONS 
There are tables of: 
Sin @, to four places, for @ = 0°, 1°, 2°, ---, 90°, 
with tabular differences, 








Cn 
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Tan 6, to three places, for @ = 0; 0°, 0; 30°, 1; 0°, 
--+, 89; 30°, with tabular differences, 


2 ~ 
12 - sf to three places, for @ = 1°, 2°, 3°, ---, 90°, 
7 cot @, 


d 
and arc cot 12’ to three places, d = 0; 0, 0; 15, 0; 30, 
--+, 60; 0 digits. 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


There are also tables of: 

5(@), to seconds of arc, for each integer 6, with 
tabular differences, for « = 23; 31°. 

Tables of ascensions include, 

A(X), Ao(A) + 90°, A33;30°(A), computed to seconds 
of arc, for each integer degree of \, and having tabular 
differences; also 

A,(A), to minutes of arc, \ = 0°, 6°, 12°, ---, 360°, 
ga O°. 27.5" +++, 58". 

In the ascension tables the value e = 23; 30° is used. 

There are tables, for g¢ = 33; 30° (Damascus), and 
for each integer degree of the argument, giving 


D(\,) to seconds of time, 


D(ns) 


D to minutes of arc. 





and 


With the latter table is a column for tabular differ- 
ences, left blank in the manuscript used. 

There are tables, for each integer degree of the 
argument, of 


he(rs), Tanhe(ds), and Cosh,(as), 


all for ¢ = 33; 30° (Damascus) (ef. §5, C). 

Ibn ash-Shatir has made a table of 184 trigonometric 
and spherical-astronomic identities, each identity ex- 
pressed as the four terms of a proportion. The first 
of the list, for example, is equivalent to the expression 

1,0 Tan 6(As) 





Tang | Sia AD 
° 2 


D. EQUATION OF TIME 


There is a table of E(A,), computed to seconds for 
each integer degree of the argument. 


E. MEAN MOTIONS 


Mean positions, including \,, Am, @m, An» As less 
apsidal motion, apsidal motion separately, \ for the 
superior planets, and a for the inferior planets, are 
given at epoch of the Hijra calendar and at years 
30, 60,90, ---, 900 a.H. for the original zij and to 
1050 a.H. added by a later hand. The motions of 
these in 1, 2, 3, ---, 30 Hijra years, and in the appro- 
priate months, days, hours, and minutes are displayed, 
mostly to thirds of arc. 

Precessional motion is tabulated down to months 


and days, to four fractional places. 
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An approxima- 
tion to the basic parameter is 0; 0, 0, 8, 27, 14° per day. 


F. PLANETARY EQUATIONS 


As usual, but with the third lunar equation (ef. 
§13, F). 
G. PLANETARY LATITUDES 
As usual. 
H. STATIONS 


There is a table of stations, computed to seconds of 
arc, for each degree of the argument. 


I. PLANETARY SECTORS 
None. 
J. PARALLAX 


Ibn ash-Shatir gives the Almagest table of solar and 
lunar parallax in the altitude circles. 

There is also a tabulated interpolation scheme for 
modifying the above, in the case of the moon, for 
variation of the anomaly. 

The Theon component tables for all climates are 
reproduced. An auxiliary table to this, also from the 
Handy Tables, and appearing in no other zij examined, 
is for modifying the entries according to the lunar 
anomaly. 

Ibn ash-Shatir gives his own table of Ps and P, 
computed for his location, Damascus. Differently 
laid out from those of Theon, the arguments are: 
(1) each minute of arc after sunrise, and (2) conjunc- 
tions located at the initial point of each zodiacal sign. 
Entries are to one place only. 

There is an interpolation scheme, a set of coefficients 
expressed as a function of the lunar daily rate, for 
modifying the entries of the preceding table. 

A second interpolation arrangement permits of 
modifying the entries of the Damascus Pg, and P, table 
to allow for changes of ¢ to other locations. 

As a completely alternative approach to the prob- 
lem, the same Ps and P, tables appearing in the 
Khwarizmi Zij (§6, J) are also given in this one, but 
with fuller and more accurate directions for their use. 


K. ECLIPSE THEORY 


There are tables of 27, and (%m + rw) to two places 
for each degree of \, and a» respectively. 

The same functions are tabulated as two-place func- 
tions of the solar and lunar rates, the ranges being 


ds = 57; 15’, 57; 25’, 57; 35’, -- -, 61; 35’ per day, and 
An’ = 11; 30®, 11; 40°, 11; 30°, ---, 15; 0° per day. 
There is a table of eclipse magnitudes defined as the 
function 126/2r,,, where the variables 
b =tm + fw — Bm = 1’, 2’, 3’, ---, 36’, and 
2r = 28’, 29’, 30’, ---, 37’ 


I 


II 


run through the values shown. 
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This zij reproduces the Almagest digital conver- 
sion table. 
The table of lunar eclipses has as arguments: 


Am’ = 12°, 13°, 14°, 15° per day, and 
ha 2 12S, 3+ OO, 


in terms of which duration of immersion and totality 
are tabulated, to two places. 

The table of solar eclipses is arranged as above 
except that apparent 8, ranges to 36’ only, and only 
the time of immersion is tabulated. 


L. VISIBILITY TABLES 


This zij has two lunar ripeness tables. ‘The first is 
the function (g? + £8,,2), computed to two places, where 
g, the elongation, = 5; 0°, 5; 30°, 6; 0°, ---, 21; 30° 
and B, = 0; 0°, 0; 30°, 1;0°, ---,5;0°. This utilizes 
the fact that the amount of illumination received from 
the moon is proportional to the distance on the 
celestial sphere from sun to moon. 

The second is of the same type except that the 
results have been converted into digits such that full 
moon is twelve digits of illumination. The range of 
the arguments is now 


pm ee aes eee 
Bu _ 0; 10°, 0; 20°, 0; 30°, oS oe 5;0°. 


For the planets this zij reproduces the Almagest 
tables, except for copvists’ variants. 
There is a table of variation of the arc of visibility, 


V = 14 -— 6L 


where L = 0; 35, 0; 36, 0; 37, ---, 1; 22 is the light. 

There is a table of planetary difference of setting for 
the latitude of Damascus, computed to minutes of 
arc, for each five degrees around the ecliptic and for 
Sa @, 1°, 2°, ***,7 

There is a table of the arc of tarrying (qaus al- 
makth) computed to seconds of arc for each degree of 
the argument, for the latitudes of Damascus and 
of Cairo. 

There is a table of the difference of rising and setting, 
for all seven climates and at intervals of three degrees 
of the argument, computed to minutes of arc. 


M. GEOGRAPHICAL POSITIONS 


For about 290 cities, the latitude, longitude, and 
direction of the gibla (the azimuth of Mecca) are given, 
all to two places. 


N. STAR TABLES 


The equatorial coordinates (a, 6) of some eighty 
stars are given, to minutes. Anobel (Chron., p. 16) 
states that this table is derived from the star table of 
Ibn Yinis (14). He says further that the right 


ascensions are reckoned from the first point of Capri- 
corn, and that the epoch of the table is 1480 (?). 
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O. ASTROLOGICAL TABLES 


The only strictly astrological table in this zij is one 
of lots, of fortune, kingship, absence, victory, gold, etc., 
used in the year-transfer. The table indicates whether 
the lot is to be determined from the ascendant or from 
some planet. 


15. ABSTRACT OF 20, THE ZIJ-I KHAQANI, 
OF JAMSHID AL-KASHT, c. 1420 


(Folio references are to the India Office copy) 


The introduction to this zij contains a determina- 
tion, described in full detail, of the lunar mean and 
anomalistic motion. It is based on three eclipses ob- 
served in Kashan by Jamshid, and on three other 
eclipses, observed by Ptolemy and reported in the 
Almagest. The results obtained are 


Am’ = 13; 10, 35, 1, 52, 47, 50, 50° per day 
Am’ = 13; 3, 53, 56, 30, 37, 20° per dav. 


A. CHRONOLOGY 


Full explanation and tables (ff. 6v—-23r) are provided 
for the Hijra, Yazdigird, Seleucid, Maliki, Chinese- 
Uighur, and Ilkhani calendars. 


B. TRIGONOMETRIC FUNCTIONS 
There are tables (ff. 35r—42r) of 


Sin 6, and 
Tan 86, to four places, for each minute of arc. 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 
There are also tables (ff. 42v—44r) of 


5,(@), for @ = 0; 0°, 0; 6°, 0; 12°, ---, 360; 0°, and 
52(0), for @ = 0; 0°, 0; 12°, 0; 24°, ---, 360; 0°, both 
to seconds of arc and with e = 23; 30°. 


Tables of ascensions (ff. 44v—72r, 158r) computed to 
seconds of arc, for each integer degree of \, are for 


Ao(\) + 90°, and 


A,(A), for g = 0°, 1°, 2°, ---, 61°, 66; 30°, 75°. 


There is a table (f. 126v), computed to two places, 
of E(X,), for each integer degree of the argument, for 
the year 712 Yazdigird. The motion in 100 years and 
1000 years is also given. 

There are also tables (ff. 132r, 133v), computed to 
two places for each degree of the solar mean longitude, 
showing the changes in mean longitude of the sun and 
moon required to compensate for the equation of time. 


E. MEAN MOTIONS (ff. 127v—130v) 


Positions of Xs, Am, Naps are given to thirds of arc, 
of Gm, Xn, \ Of the superior planets, a of the inferior 
planets, and Xg, of all planets to seconds for years 


781, 782, 783, ---,791 Yazdigird. Motions of all of 
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these, to the same precision, are given for 10, 20, 


30, ---, 100 Yazdigird years, and appropriate numbers 
of months, days, and hours. 
Precessional motion is tabulated (f. 166v) down to 


months, to three fractional places. The parameter 


is taken over from the IIkhani Zij (6). 


F and G. PLANETARY EQUATIONS 
AND LATITUDES 

There is a complete set of tables (ff. 131r—140v) of 
the usual sort, arranged as in §13,F and G. In 
addition to this there are extensive tables (ff. 142r 
155r) for simplifying the computation of planetary 
latitudes and longitudes (cf. 88). In view of what is 
known of the rest of al-Kashi’s work it is not probable 
that there is any essential divergence in the latter 
from the Ptolemaic theory, but they may be of interest 
from the computational point of view. 


H. STATIONS AND RETROGRADATIONS (f. 141v) 


As in §5, H. 

This zij has tables showing maximum and minimum 
duration of forward motions and retrogradations for 
each planet, expressed both in days (carried to hours) 
and degrees (carried to seconds). 


I. PLANETARY SECTORS 


There is a table (f. 141r) of epicycle and deferent 
sectors, computed both for velocity and distance, to 
minutes of arc. 

J. PARALLAX 


Kashi gives a table (f. 163r) of adjusted lunar 
parallax (at syzygy) in the altitude circle, computed 
to two places for each integer degree of zenith distance. 
He also has an interpolation scheme for modifying the 
tabular values with variation of the lunar anomaly. 

There are table lay-outs (ff. 164v—165r) for P, and 
P3, not for the latitudes of the seven climates, but for 
¢ = 20°, 30°, 40°, and 50°. But in both available 
copies of the zij only the table for g = 30° has been 
filledin. The actual entries only crudely approximate 
the accurate values of, sav, Ulugh Beg (cf. §16, J), 
and the present writer is thus far at a loss to explain 
the mode of computation. 

The third type of table (f. 185r) purports to give 
the horizontal parallax of Venus, the sun, and the 
moon, as functions of distance. 


K. ECLIPSE TABLES 


There are tables (f. 163r) of \s’(As) and Am’ (dm), both 
in the ecliptic and in the plane of the orbit, for each 
five degrees of the arguments, to two places. 

There are also tables (f. 163r) of 7s(Xs), 7m(@m), and 
rw(s, Xm), for each 30° of \, and each five degrees of 
am, all computed to two places. 

A table (f. 162v) of mean conjunctions and opposi- 
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tions gives positions in years 801, 802, 803, ---, 811 
A.H., and motions for 10, 20, 30, ---, 100, 200, 300, ---, 
1000 Hijra years, and mean lunar months. Entries 
are t, \, and Xgps to four fractional places of time or arc, 
and a, and i, to seconds of arc, for the conjunction or 
opposition in question. 

The table (f. 163v) of lunar eclipses has arguments 


Ba = 2’, 4,6, +--+, 70, and 
Am’ = 11; 50°, 12; 10°, 12; 30°, ---, 14; 50° per day. 


| 


Functions tabulated are magnitude, in diametral 
and areal digits, time of immersion and time of 
totality, all to two places. 

The table (f. 165v) of solar eclipses is arranged as 
above, except that 6, ranges only to 34’ and the dura- 
tion of totality is not tabulated. 


L. VISIBILITY TABLES (f. 166v) 


There is a table of the lunar equation of setting 
computed to minutes of arc for each zodiacal sign, each 
integer B,,, and for the second, third, fourth, and fifth 
climates. 

For the planets there are tables of the arc of visi- 
bility, as in the Sanjari Zij (§12, L) and with the same 
values, but for the third and fourth climates only. 


M. GEOGRAPHICAL POSITIONS 


The latitude and longitude (from the Fortunate 
Isles) of 516 localities is given (ff. 72v—74v), the co- 
ordinates terminating in multiples of five minutes. 
The arrangement is by climates, as follows: 


Equator to the First Climate, 25 
In the First Climate, 36 
In the Second Climate, 48 
In the Third Climate, 118 
In the Fourth Climate, 158 
In the Fifth Climate, 78 
In the Sixth Climate, 30 
In the Seventh Climate, 14 
North of the Seventh Climate, 9 


‘here is in addition a table (f. 74v) showing those 
values of g which bound the climates and those which 
mark their middles. 


N. STAR TABLE 


The latitude, longitude, magnitude, and tempera- 
ment of eighty-four stars are given (f. 157r). The 
author states the coordinates have been obtained 
either from the Almagest or from the IIkhani Zij (6), 
with correction for precession. 


O. ASTROLOGICAL TABLES 


The following tables (ff. 205v—209r) of periods are 
relative to nativities, all being tabulated for arguments 
of 1, 2, 3, ---, 365 days, and 1, 2, 3, ---, 24 hours: 
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The Aphesis of Birth Indicators (Persian: Tasyir-i 
Dala’il-i Asli) which progress a degree per year, com- 
puted to seconds of arc. (The inverse of this function 
is also tabulated, the days and hours corresponding to 
1, 2,3, ---,60 [tasyir] minutes and seconds being 
given.) 

The Aphesis of the Anniversary (Persian: Tasyir-i 
7ahvil) progresses twelve signs per year, tabulated to 
minutes of arc. 

The A phesis of the Anniversary Centers (Autadd) pro- 
gressing a revolution plus 87;15° per year, is tabulated 
to minutes of arc. 

The Annual Progression (Persian: Intiha’-i Sinavi) 
goes through a sign per year, and is tabulated to 
seconds of arc. 

The Monthly Progression moves thirteen signs per 
year, and is tabulated to minutes of arc. 

There is a table of the firdaria and its planetary 
associates, for a cycle of 75 years, for diurnal and 
nocturnal nativities. 

The table layout for cycles has been left blank in 
the zij. 

There follows an analogous set of tables (ff. 209v— 
212v) relative to periods of the world: 

For an argument consisting of years 301, 302, 303, 
-++,402 Maliki, and 100, 200, 300, ---, 1000, 2000, 
3000, ---, 10,000, 20,000, 30,000, ---, 100,000 years 
the zodiacal positions of the following are shown: the 
four (mighty, large, middle, and small) apheses (moving 
by a degree in 1000, 100, 10, and 1 years respectively) 
and the mighty firdaria (with period of 360 K 7 X 12 
years). 

There is a table locating eighty-four years of the 
mighty firdaria in the Maliki calendar, together with 
the associated signs and planets. 

There is a table of the motion of the mighty firdaria, 
to minutes, for 1, 2, 3, ---, 60, 120, 180, ---, 360 vears. 

The motion of the big firdaria is tabulated to minutes 
for 1, 2, 3, ---, 78 years. 

There is a table of a cycle of the middle and small 
firdaria with their associates. 


P. MISCELLANEOUS 


This zij has a table (f. 157r) of distances of all the 
planets from the center of the earth. Distances are 
given in sixtieths of the deferent radius to two (or 
three) places, with the epicycle center assumed at 
deferent apogee, for each five degrees of the anomaly. 
Another column gives for each entry the equation, the 
amount by which the entry must be decreased to ob- 
tain the corresponding distance when the epicycle 
center is at perigee. Finally there is an interpolation 


arrangement for modifying the equation for general 
positions on the deferent, tabulated for each five de- 
grees from apogee. 

There are two tables (ff. 158v—162r) of the function 
m/X', computed to three places, 


Domains of the 
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variables are 
m = 1’, 2’, 3’, ---, 10’, 20’, 30’, 40’, 50’, and 
r’ 2; 23’, 2; 24’, 2; 25’, ---, 2; 34’ per hour, also 
’ = 23; 45’, 23; 50’, 23; 55’, ---, 42; 25’ per hour. 


For the application of this table see §13, P. 


16. ABSTRACT OF 12, THE ZIJ-I SULTANI, 
OF ULUGH BEG, c. 1440 


A. CHRONOLOGY 


Explanation and tables are provided for the Hijra, 
Yazdigird, Seleucid, Maliki, and Chinese-Uighur 
calendars. 


B. TRIGONOMETRIC FUNCTIONS 
There are tables of: 


Sin 6, to five places, @ = 0;0°,0;1°,0;2°, -- 
with tabular differences, 

Tan 6, to five places, @ = 0;0°,0;1°,0;2°,---, 
45;0°, 45;10°, 45;20°, ---, 79;50°, with tabular dif- 
ferences 

12 cot 8, 

7 cot 6, 

The tables for Sin @ and Tan @ were partially pub- 

lished by Schoy (Mas‘idzi). 


-,90;0°, 


to four places, 6 = 1°, 2°, 3°, ---, 90°. 


C. SPHERICAL ASTRONOMICAL FUNCTIONS 


There are also tables computed to three fractional 
places, of: 


6:(0), for @ = 0;0°, 0; 3°, 0; 6°, ---, 360; 0°, 
and 6:(@), for 6 = 0;0°,0;6°,0;12°, ---, 360;0°. 


Tables of ascensions, all computed to three frac- 
tional places except where noted, and for each integer 
degree of \, are 


for Ao(A) + 90°, with tabular differences, 
and A,(A) for g = 39; 37, 23° (that of Samarqand, 


the site of Ulugh Beg’s observatory) to two fractional 
places, with tabular differences, 


for g = 0°, with tabular differences, 
for g = 1°, 2°, 3°, ---, 50°. 


D. EQUATION OF TIME 


There is a table, computed to three fractional places, 
of E(\,), for each integer degree of the argument. 


E. MEAN MOTIONS 


All mean positions, including solar apsidal longi- 
tudes, are shown for Hijra years 841, 842, 843, ---, 871. 
Motions of these in 30, 60, 90, ---, 300, 600, 900, ---, 
1200 Hijra years and appropriate months, days, hours 
and minutes are also given. There is a table for de- 
termining the effect on mean position of change in 
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terrestrial longitude. All the above are to seconds of 
arc, except the solar and lunar parameters, which are 
to thirds. 


F and G. PLANETARY EQUATIONS 
AND LATITUDES 
As usual, but with e, computed to thirds of arc, and 
with a table of the third lunar equation. 


H. STATIONS AND RETROGRADATIONS 
As in §5, H. 


I. PLANETARY SECTORS 


There is a table of sectors, of all four categories, 
computed to seconds of arc. 


J. PARALLAX 


There is a table of solar parallax in the altitude 
circle, computed to three significant places for each 
degree of zenith distance. 

Another table gives the adjusted lunar parallax (at 
syzvgy) in the altitude circle, also computed to three 
significant places, and for the same values of the 
argument. An interpolation scheme makes it possible 
to modify the entries for variation of the lunar 
anomaly. 

There is a set of component tables of the Theon 
type, but computed for g = 25°, 30°, 35°, ---, 50°, to 
seconds of arc for the same ranges of arguments in the 
individual tables as with Theon. 


K. ECLIPSE THEORY 


There is a table of 7, for each degree of mean distance 
from apogee, of 7m and r,» for each five degrees of an, 
all to two places. 

A table of lunar eclipses has the arguments: 


apparent B,, = 0’, 2’, 4’, ---, 64’, and A» = 11; 50°, 
12; 10°, 12; 30°, ---, 14; 50° per day. 


Functions tabulated are: magnitude in diametral 
and areal digits, and duration of immersion and 
totality, all to two places. 

For solar eclipses the layout is as above, except that 
Bn goes only to 34’, 


L. VISIBILITY TABLES 


There is a table of the lunar equation of setting, 
computed to minutes of arc for 


Bm — ; r ¥", 4°, 5, 
¢ = 25°, 30°, 35°, 40°, 


and for each zodiacal sign. 

The tables of planetary arc of visibility which appear 
in the Sanjari Zij (§12, L) are reproduced here also, 
but for the third and fourth climates only. 
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M. GEOGRAPHICAL POSITIONS 


Latitudes and longitudes (from the Fortunate Isles) 
of some 240 towns are tabulated, to minutes of arc. 
The arrangement is by regions rather than by climates. 


N. STAR TABLE 


As remarked above, the star table of this zij has 
been published, most recently by Knobel. It gives 
the ecliptic coordinates (8,) to minutes, of 1018 
stars. Most of these are the results of independent 
observation, although some have been obtained from 
the Almagest table with the longitudes corrected for 
precession. 


O. ASTROLOGICAL 


Of periods relating to nativities and to the world 
there are substantially the same tables as in the 
Khaqani Zij (20, §15, O). 


P. MISCELLANEOUS 


There is a table of greatest lunar distances, with 
the corresponding equation for least distances, and an 
interpolation scheme, computed to three places, for 
each degree of both arguments. 

There is also a table of solar distance, to three frac- 
tional places (deferent radius = 1, 0), for each degree 
of distance from the apogee. 

There is a table called ‘‘Proportional Parts of the 
Hour Angle of the Two Centers,” being 


n X 6;6,15,25 and n X 0;6, 6,15 


for n = 1, 2,3, ---,60. If the length of the sidereal 
year is taken as 6, 5; 15, 254, then its length measured 
in sidereal days will be one more, or 6, 6; 15, 254. This 
table enables the user to determine easily the number 
of sidereal days in, say, k sidereal years. 

24¢ , . 

The same tables of as are given in 6 (§13, P 
above) appear also in this zij. The ranges of the 
arguments are somewhat different, notably in the 
third table, where 


d 1,2,3,---,60, and 
rn’ = 0; 1, 0; 2, 0; 3, ---, 2: @. 


17. THE DATA SUMMARIZED 


Having assembled a considerable mass of evidence, 
we turn finally to the problem of interpretation. The 
easiest measure to apply is that of sheer quantity. 
Figure 6 is a plot locating roughly within time and 
space as many of the 109 listed zijes as can be fixed 
with any assurance. To the right of the main plot a 
graphical frequency distribution by centuries is 
displayed. 

This chart can by no means be regarded as a final 
representation. Two or three times during the 
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preparation of the paper the discovery of a new source 
naming numbers of previously unlisted handbooks 
altered the distribution essentially. 
son for thinking that the possibilities have been ex- 
hausted. Additional zij names and authors may be 
expected to turn up. But the picture as it stands is 
worth examination. 

Production of tables rises sharply to a maximum in 
the ninth century, in coincidence with the prospering 
of the Abbasid cali,hate in Baghdad. 
activity falls off more or less steadily, although it is 
impressive at all times during the period considered, 
for seven zijes are known to have been produced 


There is no rea- 


Thereaftet 


during the fifteenth century, the last one included. 
Geographically, by far the thickest cluster of activit, 
is at Baghdad, the later dispersion of scientific effort 
reflecting dispersion of political power. <As_ time 
passes the locus of centroids veers eastward to Iran, 
although a scattering of activity maintains itself in 
Spain and North Africa. 

Zijes abstracted are indicated by doubled circles. 
It will be noted that all centuries of the period are 
represented in one or more abstracts. From the point 


of view of geographical distribution, however, it is 


CENTRAL ArGuAN 


ASIA ISTAN 
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Distribution of zijes by geographical location and century. 


unfortunate that no handbook written in Spain has 
been abstracted. 

Having dealt with quantity and distribution, two 
related inquiries may next be made; to what extent 
can groups of interdependent zijes be identified and to 
what degree are they the results of independent 
observation. 

\ny definitive setting up of table families is con- 
tingent upon the assembling and study of additional 
hundreds of numerical parameters, e.g., Mean motions. 
But on the basis of what is immediately at hand, 
several groups can be noted: 


Zijes of the Sindhind 
under 28. 

The Battani Zij (55) is the basis of 7, 9, 44, 49, 
and 65. 

There is a group of related Spanish Arabic zijes 
including 5, 24, 48, 66, and 72. 

The zijes of al-Fahhad, 23, 53, 58, 62, 64, and 84, 
and that of al-Farisi, 54, are to be grouped together. 

lhe complicated relations between the members of 
the Abii al-Wafa’ family are best seen from figure 7. 
A number of basic mean motions in degrees per day 
and attributed to Abi al-Wafa’ have been found in 


family are enumerated 
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the Berlin copy of the Habash Zij (15). These are 
reproduced below for future reference in attempts to 


classify additional zijes: 


0; 59, 8, 20, 43, 17, 38, 41, 42, 25, on 
[. 29, 

13; 10, 35, 1, 55, 37, 39, 6, 16, 45, 43, 
on f. 33, 

13; 3, 53, 56, 17, 50, 15, 50, 59, 17, 31, 
on f. 34, 

0; 4, 59, 16, 58, 50, 44, 30, 49, 5. 
on f. 45, 

0: 36, 59. 29, 7, 49. 1, 36, 9: 21. 59, on 


(longitude) 
€ (longitude) 


€ (anomaly) 


YS 


4 
“aw 
— 
~I 


4 (longitude) 


(anomaly) 


f. 54, 
8 (anomaly) 3; 6, 24, 6, 55, 45, 22, 0, 37, 26, 24, on 
.. Si. 


In discussing Islamic observational activity several 
general remarks should first be made. Although 
astronomical observations were more precise and far 
more numerous than during any preceding period, no 
zij was based on newly observed values for all param- 
eters, and most observers contented themselves with 
a few, easily observed phenomena like the solar apogee 
and equation. This was partly because observation 
cannot be completely divorced from theory, and the 
Ptolemaic system was on the whole adequate for the 
The genius of Ptolemy is 


instruments of the time. 
shown nowhere to better advantage t 
planetary latitude theory, and this was left severely 
alone by the Islamic astronomers. Here, only if the 
basic theory had been overhauled would new observa- 
tions have been of much utility. 

With these reservations as to scope, the following 


an in his 


individuals or groups can safely be asserted to have 


made independent observations: 


1. Al-Nihawandi (1) at Jundishapir. 

. The “Companions of the Mumtahan,” including 
Yahya (51), al-Jawhari (99), Sanad ibn ‘Ali 
(96), al-Marvariidi (97), and Habash (15) at 
Baghdad and Damascus. 

3. Ad-Dinawari (19) at Isfahan. 

4. The Bani Misa (91, 92). 

5. Al-Mahani (98) at Baghdad. 

6. Thabit (93) at Baghdad. 

7. As-Samargandi (38) at Samarqand. 

8. Al-Battani (55) at Raqqa 

9. The Bani Amajir (8, etc.) at 
Shiraz. 

10. As-Sifi (107) at Baghdad. 

11. Ibn al-A‘lam (70) at Baghdad. 

12. Abi al-Wafa’ (73) at Baghdad. 

13. Ibn Yiinis (14) at Cairo. 

14. Al-Khujandi (60) at Rayy. 

15. Al-Biriini (59) at Ghazna and Khwarizm. 

16. The Toledan Observations (24). 

17. Al-Khazini (27) at Marv. 


18. Al-Fahhad (23, etc.). 


bo 


Jaghdad and 
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19. The Ilkhani Observations (6) at Maragha. 
20. Ibn ash-Shatir (11) at Damascus. 


21. Al-Kashi (20) at Kashan. 
22. Ulugh Beg (12) at Samarqand. 


>— 


In connection with observational astronomy, table 1 
shows the ecliptic coordinates of eleven prominent 
stars as observed by four Muslim astronomers. The 
coordinates found by Ibn al-A‘lam, Ibn Yinis, and 
Nasir ad-Din were all excerpted from 6. The Mum- 
tahan values were obtained from both 16and51. The 
Almagest coordinates for the same stars are also dis- 
played. Here again the object is to provide a basis 
for the future examination of star tables in other zijes. 
Where corresponding latitudes in general differ from 
all five values shown, an independently observed table 
is indicated. In cases where the latitudes are the 
same, there should be a constant precessional differ- 
ence between corresponding longitudes, and this may 
be used to date the table. 

It has been felt useless to reproduce sets of equa- 
torial coordinates here, since these change with pre- 
cession. Nevertheless, it should be stated that the 
Muslim astronomers made use of right ascensions and 
declinations already in the ninth century (cf. §8, N). 
The earliest previously noted use of equatorial co- 
ordinates for star tables was in the thirteenth century. 
(See Houzeau, J. C., ‘“Vademecum de Il’astronomie,”’ 
Annales de l’observatoire royal de Bruxelles, 1882, p. 156; 
Sédillot, J. J., ‘“Traité des instruments astr. ... ,”’ 
Paris, 1834, vol. I, pp. 191, 276.) 

Before proceeding to a description of trends and 
developments by topics, it will be useful to consider 
the part played by Islamic astronomy as embedded in 
the whole setting of ancient science. Figure 8 ex- 
hibits, graphically if crudely, the extent of the three 
major pre-Islamic astronomical disciplines and that 
of the Islamic period as rectangular spreads on a 
temporal-geographical net. Thickness of the rec- 
tangles is a rough indication of significance, the circular 
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vignettes characterizing basic techniques in each 
discipline, and arrows showing the direction of influ- 
ences between areas. Of astronomy in Sasanian Iran, 
little more can be said than that it existed, and a 
dotted rectangle is shown in the proper general region. 

There is no need to apologize for studying Islamic 
astronomy in its own right, and to do so entails 
acquaintance, the deeper the better, with Hellenistic, 
Babylonian, and Hindu astronomy. For the Muslims 
were profoundly influenced by all three, particularly 
the first. And it is clear that in the Islamic period 
science made no advance comparable to those marked 
by the Ptolemaic and Newtonian systems. 

But in addition to its intrinsic interest, there is a 
second and perhaps more cogent reason for studying 
medieval astronomy, namely that its masses of source 
material can be used to illuminate earlier periods for 
which direct sources are scarce or wholly lacking. 
It is known, for instance, that some sort of Greek lunar 
and planetary theory or theories existed at the time 
of Hipparchus. The appearance of the Almagest 
caused the disappearance from the Greek literature of 
this body of more primitive doctrine. But some of it 
found its way to India and has been identified in 
modern times (see Neugebauer, pp. 168 and 178). It 
is not too much to hope that more pre-Ptolemaic 
Greek astronomy may turn up in the abundant 
Muslim literature. 

For several of the items in the topical outline of §4, 
trends can be observed developing during the course 
of the Islamic period. In the tabular presentation of 
functions, for instance (topics B through D), there 
was a steady increase in precision. Thus Khwarizmi 
and Battani, at the beginning of the period, tabulate 
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the sine function to three significant places for each 
degree, whereas Ulugh Beg, at the end of the period, 
has a sine table with tabular differences, carried to 


five significant (sexagesimal) places for each minute of 


arc. Inthe middle of the period there was a tendency 


‘to tabulate all the newly-defined functions, the co- 


tangent, the versed sine, and soon. The latest zijes, 
however, reverted to the practice of tabulating only 
the sine and tangent. 

The computation of ascension tables followed a like 
pattern. The early zijes have oblique ascension 
tables for the seven climates only, plus a table for the 
latitude of the zij. But, beginning with Ibn Yinis, 
a trend established itself to compute a table each for 
g = 0°, 1°, 2°, ---, up to some suitable high latitude. 

We turn next toa general consideration of planetary 
equations (topic F). If we restrict ourselves to the 
Islamic world, the only problem involved is to verify 
the origin of the Khwarizmi (21, §6, F) theory and 
parameters. Table 2 assembles what are essentially 
three groups of extreme equations: Ptolemaic, Persian, 
and Hindu. The very minor differences between 
those common to Battani and Zarq4li (from Delambre, 
p. 177) and those of the Almagest are typical of the 
bulk of the zijes—they are unmistakably Ptolemaic. 
But there is a wide divergence between these and both 
other groups. At the same time, the parameters of 
the Shah Zij (30) as reported by Jbn Hibinta (a 
Christian astrologer of the early Abbasid period), 
exhibit only trivial differences with those of Khw4rizmi, 
as well as with the ‘“‘Persian’’ values as given by 
Biriini (Risa@’il, I11, p. 30 and 54; he includes among 
these the Shah Zij, Abu Ma‘shar, (63), and Ya‘qib 
ibn Tariq (71)). The incomplete sets of parameters 
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from ‘Hindu zijes”’ are found in Birini, Risda’il, III, 
p. 31. A first conclusion is inescapable—IXhwarizmi 
uses pre-Islamic Persian equations. But this leads to 
a deeper question: did the Iranians invent the theory, 
or did they take it over from somewhere else, perhaps 
modifying it in the process. The answer is probably 
the latter, for although there are differences between 
the Hindu and the Persian parameters, Khwarizmi’s 
pulsating ‘‘apogees’”” are Hindu, and we have the 
word of Birini (Risa@il, II, p. 54) that Persian 
astronomical theory came largely from India. As to 
the origins of the Hindu material, three components 
can be isolated: the geometric models as pre-Ptolemaic 
Greek, the ‘‘arithmetical methods” as Babylonian, the 
remainder as indigenous. (Cf. Neugebauer, Chap. VI; 
and Neugebauer, O., ‘““Babylonian Planetary Theory, 
Proc. Amer. Philos. Soc., vol. 98 (1954), pp. 60-89.) 

The situation with regard to planetary latitudes is 
more complicated. Table 3 shows extreme values of 
latitudes or latitude components. The first column is 
from the Almagest, the second is a set of values 
common (with a single exception) to the so-called 
Mumtahan (51, §5, G) manuscript and toa set given 
by Jbn Hibinta without attribution. The third 
column is from Khwarizmi (21, §6, G), the pair in the 
upper line for each planet being maximum and mini- 
mum JL, respectively. The single numbers below are 
maximum Ly» for each planet. The last column is 
from the Sarya-Siddhanta. 

Again the first column suffices for the bulk of the 
zijes. They are Ptolemaic. The other three columns 
differ radically between themselves. With the excep- 
tion of the moon and Mercury, the entries in column 3 
are each two and a half times the entries in column 4. 
This, combined with a general resemblance between 
the Khwarizmi tables and the descriptive material in 
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the Sarya-Siddhdnta (i, §$68-70), leads to a tentative 
conclusion that the Khwéarizmi latitude theory js 
Hindu, with or without a Sasanian intermediary. 

As for column 2, except for Mercury there is a very 
close correspondence between its entries for the su- 
perior planets and those of the Almagest. For Venus 
the sum of the Ptolemaic components roughly equals 
the single entry of column 2. Ptolemy’s latitude 
parameters, in contrast to the other planetary con- 
stants he used, are not derived from specific observa- 
tions described by him. They seem to be commonly 
accepted values current in his time. This, in conjunc- 
tion with the correspondénce between the elements of 
the two columns, leads to the suspicion that the 
latitude theory preserved in the Escorial manuscript 
(51) is some sort of vestige of a pre-Ptolemaic Greek 
latitude theory. 

It is not possible at this time to summarize such 
important topics as eclipse theory or visibility theory 
for the simple reason that their Islamic ramifications 
are unknown. We therefore propose to close the sec- 
tion by outlining a program for future study in the 
field which will include these and other subjects. 

The primary need would seem to be for the publica- 
tion of texts. The Khwarizmi (21) and Battani (55) 
zijes, already published, are from the early part of 
the period. If the project of an edition of the Khaqani 
Zij (20) is carried through, it, plus Sédillot’s partial 
publication of the Sultani Zij (12), would give a 
sampling of tables from the end of the period. There 
remains the middle, and by all odds the logical choice 
would be Biraini’s Masudic Canon (59). The Arabic 
text once published, the various parts untouched by 
Schoy might be attacked in detail and put into some 
European language, by different individuals, if neces- 
sary, and as the occasion offered. A second handbook 
of the middle period well worth publication is the 
Sanjari Zij (27). 

In any mention of important texts, the Biriini 
Risa@’il should be included. This volume, like all of 
Biraini’s works contains explanations of a great variety 
of techniques and theories, not only from Islamic 
sources, but also of Hindu, pre-Islamic, Persian, and 
Babylonian origins. For instance, Risa’z/, II, p. 138 
has an explanation and numerical example of a method 
of computing oblique ascensions by an application of 
what is Babylonian System A (cf. Neugebauer, p. 153). 
This example, named as Babylonian in the text, is the 
first such instance to be observed in Islamic astronomy. 
The Oriental Publications Bureau of Osmania Uni- 
versity, Hyderabad-Deccan, has performed a notable 
service for the history of ancient science by making 
available the text in the original Arabic. This should 
now be supplemented by a translation into some 


European language. 

Barring an unexpected windfall, it is too much to 
hope that any of the earliest zijes will turn up in sub- 
stantially its original form. 


The Escorial Mumtahan 
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manuscript (51), with its jumble of unassimilated 
early and late tables must be regarded as typical. 
Critical editions of such manuscripts would be an in- 
efficient expenditure of scholarship. Rather it would 
seem best to use these and all other relevant sources 
for the preparation of monographs on basic topics 
presently unexplored. None of the main items on the 
master outline of §4 have been exhausted, but of them 
visibility and eclipse theory are largely untouched. 
Chronology in general is reasonably well covered, but 
the Chinese-Uighur calendar, on which an extensive 
literature can be assembled from the later Iranian 
zijes, offers attractive and unexplored territory. For 
instance, calendaric computations for this system 
make standard use of a parabolic interpolation scheme 
for the solar and lunar equations which has been 
encountered in no other context. 

The surest way of establishing connections between 
astronomical works is by the comparison of numerical 
parameters. In the course of the last five years the 
present writer has picked up a file of roughly a 
thousand sexagesimal parameters. Of these the mean 
motion velocities are expressed in various units in- 
volving Hijra years, Egyptian years, days, and so on, 
which conceal the relations between many. Check- 
ing, reduction to a standard norm, and publication of 
the lot would do much to put the classification of zijes 
on a firm footing. 

The foregoing paragraphs have remarked only a few 
specific projects in a field teeming with unsolved 
problems. No mention has been made of Islamic 
material recoverable from Latin, Hebrew, and Byzan- 
tine Greek astronomical manuscripts. 

The harvest truly is plenteous, 
but the laborers are few. 


18. CONCLUSIONS 


1. In the centuries immediately preceding Islam, 
at least one astronomical handbook, and probably 
more, were computed and used in Sasanian Iran. 
Some observational activity is attested (14, Chap. 8, 
p. 124, Leiden copy). The available evidence sug- 
gests that the Sasanian astronomy was under strong 
Hindu influence. 

2. In the eight centuries beginning with A.p. 700 
well over a hundred different zijes were produced. 
Of these, more than twenty were based at least par- 
tially on observations made by their respective au- 
thors. Others differed from prototypes only to the 
extent, say, that mean motion tables were recomputed 
for a different epoch and calendar. 

3. In the great majority of these tables the basic 
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theory is that of Ptolemy, although with some im- 
provement of parameters. The main Islamic contri- 
butions were in trigonometrical, computationa!, and 
observational technique. 

4. A minority of zijes were based on Hindu or pre- 
Islamic Iranian theory. Of these, the only one pre- 
served is the Khwarizmi Zij which has 


(a) Planetary equations from the Sasanian Shah 
Zij (30), 

(6) Planetary latitudes not presently identifiable, 
but non-Ptolemaic and probably Hindu, 

(c) Planetary stations from the Almagest, hence 
irreconcilable with (a) and (6) above, 

(d) Two values of the length of the sidereal year, 
one a common Hindu parameter used in the Brahma- 
siddhanta, the Siddhanta Siromani and the Arabic 
Sindhind (28), the other a Persian value. 
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